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EL ^ en,i0 " rela, f s to,her » ldofr «ombinantONAtechnology.morelnp art iculartothefiefdofgeneth era py 

^ ^ re,a,CS ,0 n ° Ve ' ^ ^ a " d — Pack39i "9 •* i veTreTased 
e°S ge ? ene theraPy " 8 feCen,,y deVe ' 0Ped COnCept '° r WhiCh a wWe ran S e of VHO^IIom can be and have been 

EI5L iv 9 t'!! theraP ^ 8 mo,ecu,e Senetic formation is introduced into some or an cells of a host as a 

result of which the genetic information is added to the host in a functional format 

10004] The genetic information added may be a gene or a derivative of a gene, such as a cONA which encodes a 

EE T^TT* "T T* ** ^ Pr0tein Mn b * * xp?essed by »• -aSry^ehcsfS, 
b^nM^ T ^ alS ° bC 3 SeqU6nCe °' nuc| eo«des complementary to a sequence of nucleotides 

(be * DMA or RNA) present ,n the host celL The functional fonnat in this case is that the added ONA (nudeteadS 
molecule or copies made thereof Insitu are capab.e of base pairing with the complementary sequence £SSS2 

\Z°*L£Z!!!?? n ^ ae !!' e treatment ° f 9ene "' C diSOrtefS by «»PP««"**«. a protein or other substance which 
9 T ZT' PreSem ° r 31 ,eaSt Presen ' m "^i 6 '" a ™unts in <ne host, the treatment of 
umors and (other) acquired d.seases such as (auto)immune diseases or infections, etc. 

owards ^rZl^r^T ab ° Ve ' th6re are baSiCany lhree d,fferem aPP^aches in gene therapy, one directed 
Z^Ji "S a deficiency present in a (mammalian) host; the second directed towards the removal or elinv 

10008] For the purpose of gene therapy, adenoviruses carrying deletions have been proposed as suitable vehicles 
Adenoviruses are non-envetoped DNA viruses. Gene-transfer vectors derived from adenoses (so^altedldenovS 

bS^Z ' "T 65 ,ha - mak6 them PartCU,a,1y useh " ,or 9 ene ^nsfer for such purposes Eg^ne 
biology o the adenoviruses is charactered in detail, the adenovirus is not associated with severe human pathology 

re^licat o SSSTS'iT ?™ "'f^ ^ qU8n,i,ieS Wi,h re,ative easa - and *• vl ™ °e rendered 
replication defective by deletions in the early-region 1 (El) of the viral genome 

5° °<S un™,* adenovirus senome is 8 ^aar double-stranded DNA molecule of approximately 36000 base pairs with 

5TnS25 "Ttr," ! 0Va ' enUy b ° Und ,0 ,hC S1enninuS 0f each s,rand - The Ad ONA contains identicaHnveJed 
Terminal Repeats (ITR) of about 100 base pairs with the exact length depending on the serotype. The viral origins* 
rep cation are located within the fTRs exactly at the genome ends. DNA synthesis occurs IrTtwo stages SX*. 

The displaced strand .s single stranded and can form a so-called "panhandle" intermediate, which allows replication 
It!™ 3 r erat "L n °l B daU9Wer dUPte * m0teCUte - Ration may proceed from both ends ?S 

nr r^^^r 9 fhC "V™™ 1 * to to ™ Panhandle structure. The replication is summered i 
Figure 1 4 adapted from (Lechner and Kelly, 1977). 

10010] During the productive infection cycle, the viral genes are expressed in two phases: the eariy phase which is 

££ZL !T? *f iT"" 0 :' ^ ^ ' ate PhaSe ' WhiCh Wi,h ' nitiafon * vireYDNTrXtion 

Dunng the eariy phase only the earty gene products, encoded by regions 61. E2. E3 and E4, are expressed which 

■^s* 8 TtT T C,i0nS P,epare the ,0f syn,nesis of V,ral P™eins (Berk. 1 986). During the 

late phase the late viral gene products are expressed in addition to the eariy gene products and host cell ONA and 

ZZZTZZ™. IS^T^* ,h8 Ce " baCOmcs dedicatad to tha •"*■*» of viral DNA and o, viral 
[001 1] The E1 region of adenovirus is the first region of adenovirus expressed after infection of the target cell This 
region consists of two transcriptional units, the E1A and E1B genes, which both are required for oncogenic transfor- 
mation of primary (embryonal) rodent cultures. The main functions of the E1A gene products are: 

i) to induce quiescent cells to enter the cell cycle and resume cellular ONA synthesis and 
^H^? 60 ^ activa,e,he E1B 9 ene and,he o'"e' eariy regions (E2. E3. E4). Transfection of primary cells 
with the El A gene alone can induce unfimited proliferation (immortalization), but does not result in complete trans- 
formation. However, expression of E1A in most cases results in induction of programmed cell death (apoptosis) 
and only occasionally immortalization is obtained (Jochemsen el al., 1987). Co-expression of the E1B gene is 
required to prevent induction of apoptosis and for complete morphological transformation to occur. In established . 
immortal cell lines, high level expression of E 1 A can cause complete transformation in the absence of E1 8 (Roberts 
et al., 1 985). 
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[0012] The E1B encoded proteins assist E1A in redirecting the cellular functions to allow viral replication. The E1B 
55 kD and E4 33kD proteins, which form a complex that is essentially localized in the nucleus, function in inhibiting 
the synthesis of host proteins and in facilitating the expression of viral genes. Their main influence Is to establish 
selective transport of viral mRNAs from the nucleus to the cytoplasm, concomitantly with the onset of the late phase 
of infection. The E1B 21 kD protein is important for correct temporal control of the productive infection cycle, thereby 
preventing premature death of the host cell before the virus life cycle has been completed. Mutant viruses incapable 
of expressing the E18 21 kD gene-product exhibit a shortened infection cyde that is accompanied by excessive deg- 
radation of host cell chromosomal ONA (dep-phenotype) and in an enhanced cytopathic effect (cyt-phenotype) (Telling 
et al., 1994). The deg and cyt phenotypes are suppressed when in addition the E1A gene is mutated, indicating that 
these phenotypes are a function of E1 A (White et al., 1988). Furthermore, the E1B 21 kDa protein slows down the rate 
by which E1 A switches on the other viral genes. It is not yet known through which mechanisms E1 B 21 kD quenches 
these El A dependent functions. 

[0013J Vectors derived from human adenoviruses, in which at least the E1 region has been deleted and replaced by 
a gene of interest, have been used extensively for gene therapy experiments in the pre-clinical and clinical phase. 
[0014] As stated before all adenovirus vectors currently used in gene therapy have a deletion in the El region, where 
novel genetic information can be introduced. The El deletion renders the recombinant virus replication defective (Strat- 
ford-Perricaudet and Perricaudet, 1991). We have demonstrated that recombinant adenoviruses are able to efficiently 
transfer recombinant genes to the rat liver and airway epithelium of rhesus monkeys (Bout et al., 1994b; Bout et al., 
1994a). In addition, we (Vincent et al., 1996a; Vincent et aJ., 1996b) and others (see e.g. Haddada et al., 1993) have 
observed a very efficient In vivo adenovirus mediated gene transfer to a variety of tumor cells in vitro and to solid tumors 
in animal models (lung tumors, glioma) and human xenografts in immunodeficient mice (lung) in vivo (reviewed by 
Blaeseetal., 1995). 

[001 5J In contrast to for instance retroviruses, adenoviruses a) do not integrate into the host cell genome; b) are able 
to infect non-dividing cells and c) are able to efficiently transfer recombinant genes in vivo (Brody and Crystal, 1994). 
Those features make adenoviruses attractive candidates for in vivo gene transfer of, for instance, suicide or cytokine 
genes into tumor cells. 

[001 6] However, a problem associated with current recombinant adenovirus technology is the possibility of unwanted 
generation of replication competent adenovirus (RCA) during the production of recombinant adenovirus (Lochmuller 
et al., 1994; Imler et al., 1996). This Is caused by homologous recombination between overlapping sequences from 
the recombinant vector and the adenovirus constructs present in the complementing cell line, such as the 293 cells 
(Graham et aJ., 1977). RCA in batches to be used in clinical trials is unwanted because RCA 0 will repficate in an 
uncontrolled fashion; fi) can complement replication defective recombinant adenovirus, causing uncontrolled multipli- 
cation of the recombinant adenovirus and fli) batches containing RCA induce significant tissue damage and hence 
strong pathological side effects (Lochmuller et al., 1994). Therefore, batches to be used in clinical trials should be 
proven free of RCA (Ostrove, 1994). In one aspect of the invention this problem in virus production is solved in that 
we have developed packaging cells that have no overlapping sequences with a new basic vector and thus are suited 
for safe large scale production of recombinant adenoviruses one of the additional problems associated with the use 
of recombinant adenovirus vectors is the host-defence reaction against treatment with adenovirus. 
[0017] Briefly, recombinant adenoviruses are deleted for the E1 region (see above). The adenovirus E1 products 
trigger the transcription of the other early genes (E2. E3, E4), which consequently activate expression of the late virus 
genes. Therefore, it was generally thought that El deleted vectors would not express any other adenovirus genes. 
However, recently it has been demonstrated that some cell types are able to express adenovirus genes in the absence 
of E1 sequences. This indicates, that some cell types possess the machinery to drive transcription of adenovirus genes. 
In particular, ft was demonstrated that such cells synthesize E2A and late adenovirus proteins. 
[0018] In a gene therapy setting, this means that transfer of the therapeutic recombinant gene to somatic cells not 
only results in expression of the therapeutic protein but may also result in the synthesis of viral proteins. Cells that 
express adenoviral proteins are recognized and killed by Cytotoxic T Lymphocytes, which thus a) eradicates the trans- 
duced cells and b) causes inflammations (Bout etaJ., 1994a; Engelhardt et al., 1993; Simon etal., 1 99 3). As this adverse 
reaction is hampering gene therapy, several solutions to this problem have been suggested, such as a) using immu- 
nosuppressive agents after treatment; b) retainment of the adenovirus E3 region in the recombinant vector (see patent 
application EP 0 707 071 ) and c) using ts mutants of human adenovirus, which have a point mutation in the E2A region 
(patent WO 94/28938). 

[0019] However, these strategies to circumvent the immune response have their limitations. 

[0020] The use of ts mutant recombinant adenovirus diminishes the immune response to some extent, but was less 

effective In preventing pathological responses in the lungs (Engelhardt et al., 1994a). 

[0021] The E2A protein may induce an immune response by itself and it plays a pivotal role in the switch to the 
synthesis of late adenovirus proteins. Therefore, it is attractive to make recombinant adenoviruses which are mutated 
in the E2 region, rendering it temperature sensitive (ts), as has been claimed in patent application WO 94/28938. 
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[0022J A major drawback of this system is the fact that, although the E2 protein is unstable at the non-permissive 
temperature, the immunogenic protein is still being synthesized. In addition, it is to be expected that the unstable protein 
does activate late gene expression, albeit to a low extent ts125 mutant recombinant adenoviruses have been tested, - 
and prolonged recombinant gene expression was reported (Yang et al., 1994b; Engelhardt et aL, 1994a; Engelhardt 

5 et al., 1 994b; Yang et al., 1 995). However, pathology in the lungs of cotton rats was still high (Engelhardt et ah, 1 994a), 
indicating that the use of ts mutants results in onry a partial improvement in recombinant adenovirus technology. Others 
(Fang et al., 1996) did not observe prolonged gene expression in mice and dogs using ts 125 recombinant adenovirus. 
An additional difficulty associated with the use of ts125 mutant adenoviruses is that a high frequency of reversion is 
observed. These revertants are either real revertants or the result of second site mutations (Kniijer et aJ., 1 983; Nicolas 

io et aL. 1981). Both types of revertants have an E2A protein that functions at normal temperature and have therefore 
similar toxicity as the wild-type virus. 

[0023J In another aspect of the present invention we therefore delete E2A coding sequences from the recombinant 
adenovirus genome and transfect these E2A sequences into the (packaging) cell lines containing El sequences to 
complement recombinant adenovirus vectors. 
M [0024J Major hurdles in this approach are a) that E2A should be expressed to very high levels and b) that E2A protein 
is very toxic to cells. 

[0025J The current invention In yet another aspect therefore discloses use of the ts 125 mutant E2A gene, which 
produces a protein that is not able to bind DNA sequences at the non permissive temperature. High levels of this protein 
may be maintained in the cells (because it is not toxic at this temperature) until the switch to the permissive temperature 
20 is made. This can be combined with placing the mutant E2A gene under the direction of an inducible promoter, such 
as for instance tet, methallothionein, steroid inducible promoter, retinoic acid p-receptor or other inducible systems. 
However in yet another aspect of the invention, the use of an inducible promoter to control the moment of production 
of toxic wild-type E2A is disclosed. 

[0026] Two salient additional advantages of E2A-deleted recombinant adenovirus are the increased capacity to har- 
25 bor heterologous sequences and the permanent selection for cells that express the mutant E2A. This second advantage 
relates to the high frequency of reversion of ts125 mutation: when reversion occurs in a cell line harboring ts125 E2A, 
this will be lethal to the cell. Therefore, there is a permanent selection for those cells that express the ts125 mutant 
E2A protein. In addition, as we in one aspect of the invention generate E2A-deleted recombinant adenovirus, we will 
not have the problem of reversion in our adenoviruses. 
30 [0027] in yet another aspect of the invention as a further improvement the use of non-human cell lines as packaging 
ceil lines is disclosed. 

[0028] For GMP production of clinical batches of recombinant viruses it is desirable to use a cell line that has been 
used widely for production of other biotechnology products. Most of the latter cell lines are from monkey origin, which 
have been used to produce e.g. vaccines. These cells can not be used directly for the production of recombinant human 

35 adenovirus, as human adenovirus can not or onry to low levels replicate in cells of monkey origin. A block in the switch 
of early to late phase of adenovirus lytic cycle is underlying defective replication. However, host range mutations in the 
human adenovirus genome are described (hr400 - 404) which allow replication of human viruses in monkey ceOs. 
These mutations reside in the gene encoding E2A protein (Klessig and Grodzicker, 1979; Klessig et al., 1984; Rice 
and Klessig, 1985)(Klessig et al., 1984). Moreover, mutant viruses have been described that harbor both the hr and 

40 temperature-sensitive ts125 phenotype (Brough et al., 1985; Rice and Klessig. 1985). 

[0029] We therefore generate packaging cell lines of monkey origin (e.g. VERO, CV1 ) that harbor 

a. E1 sequences, to allow replication of E1/E2 defective adenoviruses, and 

b. E2A sequences, containing the hr mutation and the ts 125 mutation, named ts400 (Brough et ai., 1985; Rice 
45 and Klessig, 1 965) to prevent cell death by E2A overexpression, anoVor 

c. E2A sequences, just containing the hr mutation, under the control of an inducible promoter, and/or 

d. E2A sequences, containing the hr mutation and the ts 125 mutation (ts400), under the control of an inducible 
promoter 

50 [0030] Furthermore we disclose the construction of novel and improved combinations of (novel and improved) pack- 
aging cell lines and (novel and improved) recombinant adenovirus vectors. We provkSe: 

1 . a novel packaging cell line derived from diploid human embryonic retinoblasts (HER) that harbors nt. 80 - 5788 
of the Ad5 genome.This cell line, named 91 1 , deposited under no 950621 01 at the ECACC, has many character- 

55 istics that make it superior to the commonly used 293 celts (Failaux et al., 1 996). 

2. novel packaging cell lines that express just E1A genes and not El B genes. 

Established cell lines (and not human diploid cells of which 293 and 911 cells are derived) are able to express El A 
to high levels without undergoing apoptottc cell death, as occurs in human diploid cells that express E1 A in the 
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absence of E1B. 

Such cell lines are able to trans-complement E1 B-defective recombinant adenoviruses, because viruses mutated 
for E1B21 kO protein are able to complete viral replication even faster than wild-type adenoviruses (Telling et al. v 
1994). The constructs are described in detail below, and graphically represented in Figures 1-5. The constructs 

* are transfected into the different established cell lines and are selected for high expression of E1 A. This is done 

by operatively linking a selectable marker gene (e.g. NEO gene) directly to the E1 B promoter. The E1B promoter 
is transcriptionally activated by the E1A gene product and therefore resistance to the selective agent (e.g. G418 
in the case NEO is used as the selection marker) results in direct selection for desired expression of the £1 A gene 
3 Packaging constructs that are mutated or deleted for E1 B 21 kD, but just express the 55 kO protein. 

to 4. Packaging constructs to be used for generation of complementing packaging cell lines from diploid cells (not 

exclusively of human origin) without the need of selection with marker genes. These cells are immortalized by 
expression of El A. However, in this particular case expression of E1B is essential to prevent apoptosis induced 
by E1 A proteins. 

Selection of El expressing cells is achieved by selection for focus formation (immortalization), as described for 
" 293 cells (Graham et a!., 1977) and 911 celts (Faliaux et al, 1996). that are E1 -transformed human embryonic 

kidney (HEK) cells and human embryonic retinoblasts (HER), respectively. 

5. After transfection of HER cells with construct pIG.EIAE (Fig. 4). seven independent ceiHines could be estab- 
lished. These cell lines were designated PER.C1, PER.C3. PER.C4, PER.C5, PER.C6. PER.C8 and PER.C9. 
PER denotes PGK-E1 -Retinoblasts. These cell lines express El A and E1 B proteins, are stable (e.g. PER.C6 for 

» more than 57 passages) and complement E1 defective adenovirus vectors. Yields of recombinant adenovirus 

obtained on PER cells are a little higher than obtained on 293 celts. One of these cell lines (PER.C6) has been 
deposited at the ECACC under number 96022940. 

6. New adenovirus vectors with extended E1 deletions (deletion nt. 459 - 35 1 0). Those viral vectors lack sequences 
homologous to El sequences In said packaging cell lines. These adenoviral vectors contain pIX promoter se- 

2S quences and the pIX gene, as pIX (from its natural promoter sequences) can only be expressed from the vector 

and not by packaging celts (Matsul et al , 1986, Hoeben and Faliaux. pers.comm.; Imler et al.. 1996). 

7. E2A expressing packaging cell lines preferably based on either E1 A expressing established cell lines or E1 A + 
E1 B expressing diploid cells (see under 2 - 4). E2A expression is either under the control of an inducible promoter 
or the E2A ts125 mutant Is driven by either an inducible or a constitutive promoter. 

30 8. Recombinant adenovirus vectors as described before (see 6) but carrying an additional deletion of E2A se- 

quences. 

9. Adenovirus packaging cells from monkey origin that are able to trans -complement E1 -defective recombinant 
adenoviruses. They are preferably co-transfected with plG.E1AE1B and pIG.NEO. and selected for NEO resist- 
ance. Such cells expressing E1A and E1B are able to transcomplement E1 defective recombinant human aden- 
33 oviruses, but will do so inefficiently because of a block of the synthesis of late adenovirus proteins in celts of monkey 

origin (Klessig and 'Grodzicker. 1979). To overcome this problem, we generate recombinant adenoviruses that 
harbor a host-range mutation in the E2A gene, allowing human adenoviruses to replicate in monkey cells. Such 
viruses are generated as described in Figure 12, -except ONA from a hr-mutant is used for homologous recombi- 
nation. 

40 10. Adenovirus packaging cells from monkey origin as described under 9, except that they will also be co-trans- 

fected with E2A sequences harboring the hr mutation. This allows replication of human adenoviruses lacking E1 
and E2A (see under 8). E2A In these cell lines is either under the control of an inducible promoter or the tsE2A 
mutant is used. In the latter case, the E2A gene will thus carry both the ts mutation and the hr mutation (derived 
from ts400). Replication competent human adenoviruses have been described that harbor both mutations (Brough 

<3 etal., 1985; Rice and Klessig, 1985). 



[0031 J A further aspect of the invention provides otherwise improved adenovirus vectors, as well as novel strategies 
for generation and application of such vectors and a method for the intracellular amplification of linear DNA fragments 
in mammalian cells. 

[0032] The so-called "minimal - adenovirus vectors according to the present invention retain at least a portion of the 
viral genome that is required for encapsidation of the genome into virus particles (the encapsidation signal), as well 
as at least one copy of at least a functional part or a derivative of the Inverted Terminal Repeat (JTR), that is ONA 
sequences derived from the termini of the linear adenovirus genome. The vectors according to the present invention 
will also contain a transgene linked to a promoter sequence to govern expression of the transgene. Packaging of the 
so-called minimal adenovirus vector can be achieved by co-infection with a helper virus or, alternatively, with a pack- 
aging deficient replicating helper system as described below. 

[0033] Adenovirus-derived ONA fragments that can replicate in suitable cell lines and that may serve as a packaging 
deficient replicating helper system are generated as follows. These DNA fragments retain at least a portion of the 
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transcribed region of the 'late* transcription unit of the adenovirus genome and carry deletions in at teast a portion of 
the E1 region and deletions in at least a portion of the encapsidation signal. In addition, these ONA fragments contain 
at least one copy of an inverted terminal repeat (ITR). At one terminus of the transfected DNA molecule an ITR is 
located. The other end may contain an ITR, or alternatively, a DNA sequence that is complementary to a portion of the 

3 same strand of the DNA molecule other than the ITR. If, in the latter case, the two complementary sequences anneal, 
the free 3'-hydroxyl group of the 3' terminal nucleotide of the hairpin-structure can serve as a primer for DNA synthesis 
by cellular and/or adenovirus-encoded DNA polymerases, resulting in conversion into a double-stranded form of at 
least a portion of the DNA molecule. Further replication initiating at the ITR will result in a linear double-stranded DNA 
molecule, that is flanked by two ITR's, and is larger than the original transfected DNA molecule (see Fig. 13). This 

»o molecule can replicate itself in the transfected cell by virtue of the adenovirus proteins encoded by the DNA molecule 
and the adenoviral and cellular proteins encoded by genes in the host-cell genome. This DNA molecule can not be 
encapsidated due to its large size (greater than 39000 base pairs) or due to the absence of a functional encapsidation 
signal. This DNA molecule is intended to serve as a helper for the production of defective adenovirus vectors in suitable 
cell lines. 

15 [0034] The invention also comprises a method for the amplification of linear DNA fragments of variable size in suitable 
mammalian cells. These DNA fragments contain at least one copy of the ITR at one of the termini of the fragment The 
other end may contain an ITR, or alternatively, a DNA sequence that is complementary to a portion of the same strand 
of the DNA molecule other than the ITR. If, in the latter case, the two complementary sequences anneal, the free 3'- 
hydroxyl group of the 3* terminal nucleotide of the hairpin-structure can serve as a primer for DNA synthesis by cellular 

20 and/or adenovirus-encoded DNA polymerases, resulting in conversion of the displaced stand into a double stranded 
form of at least a portion of the DNA molecule. Further replication initiating at the ITR will result in a linear double- 
stranded DNA molecule, that is flanked by two ITR's, which is larger than the original transfected ONA molecule. A 
DNA molecule that contains ITR sequences at both ends can replicate itself in transfected ceils by virtue of the presence 
of at least the adenovirus E2 proteins (viz. the DNA-binding protein (DBP), the adenovirus DNA polymerase (Ad-pol), 

23 and the preterminal protein (pTP). The required proteins may be expressed from adenovirus genes on the DNA mol- 
ecule itself, from adenovirus E2 genes integrated in the host-cell genome, or from a replicating helper fragment as 
described above. 

[0035] Several groups have shown that the presence of ITR sequences at the end of DNA molecules are sufficient 
to generate adenovirus mlnichromosomes that can replicate, if the adenovirus-proteins required for replication are 

so provided in trans e.g. by infection with a helpervirus (Hu et al., 1 992); (Wang and Pearson, 1985): (Hay et al. ( 1984). 
H*j et al., (1 992) observed the presence and replication of symmetrical adenovirus minichromosome-dimers after trans - 
fection of plasmids containing a single fTR. The authors were able to demonstrate that these dimeric minichromosomes 
arise after taiUo-tail ligation of the single ITR DNA molecules. In DNA extracted from defective adenovirus type 2 
particles, dimeric molecules of various sizes have also been observed using electron -microscopy (Daniell, 1976). It 

35 was suggested that the incomplete genomes were formed byjllegitimate recombination between different molecules 
and that variations in the position of the sequence at which the illegitimate base pairing occurred were resonsfole for 
the heterogeneous nature of the incomplete genomes. Based on this mechanism it was speculated that, in theory, 
defective molecules with a total length of up to two times the normal genome could be generated. Such molecules 
could contain duplicated sequences from either end of the genome. However, no ONA molecules larger than the full- 

40 length virus were found packaged in the defective particles (Daniell, 1 976). This can be explained by the size-iimitations 
that apply to the packaging. In addition, it was observed that in the virus particles DNA-molecules with a duplicated 
left-end predominated over those containing the right-end terminus (Oaniell, 1 g76). This is fully explained by the pres- 
ence of the encapsidation signal near that left-end of the genome (GrSble and Hearing, 1990; GrSble and Hearing, 
1992; Hearing et al.. 1987). 

<5 [0038] The major problems associated with the current adenovirus-derived vectors are: 

A) The strong immunogenicity of the virus partide 

B) The expression of adenovirus genes that reside in the adenoviral vectors, resulting in a Cytotoxic T-cell response 
against the transduced cells. 

so C) The tow amount of heterologous sequences that can be accommodated in the current vectors (Up to maximally 

approx. 8000 bp. of heterologous DNA). 

[0037] Ad A) The strong immunogenicity of the adenovirus particle results in an immunological response of the host, 
even after a single administration of the adenoviral vector. As a resuft of the development of neutralizing antibodies, 
55 a subsequent administration of the virus will be less effective or even completely ineffective. However, a prolonged or 
persistent expression of the transferred genes will reduce the number of administrations required and may bypass the 
problem. 

[0038] Ad B) Experiments performed by Wilson and collaborators have demonstrated that after adenovirus-mediated 
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gene transfer into immunocompetent animals, the expression of the transgene gradually decreases and disappears 
approximately 2 - 4 weeks post-infection (Yang et al.. 1994a; Yang et al. ( 1994b). This is caused by the development 
of a Cytotoxic T-Cell (CTL) response against the transduced cells. The CTLs were directed against adenovirus proteins 
expressed by the viral vectors. In the transduced cells synthesis of the adenovirus DNA-binding protein (the E2A-gene 
product), penton and fiber proteins (late-gene products) could be established. These adenovirus proteins encoded by 
the viral vector, were expressed despite deletion of the El region. This demonstrates that deletion of the El region is 
not sufficient to completely prevent expression of the viral genes (Engelhardt et al.. 1 994a). 
[0039] Ad C) Studies by Graham and collaborators have demonstrated that adenoviruses are capable of encapsi- 
dating DNA of up to 1 05% of the normal genome size (Bet! et al.. 1 993). Larger genomes tend to be instable resulting 
in loss of DNA sequences during propagation of the virus. Combining deletions in the El and E3 regions of the virual 
genomes increases the maximmum size of the foreign that can be encapsidated to approx. 8.3 kb. In addition some 
sequences of the E4 region appear to be dispensable for virus growth (adding another 1.8 kb to the maximum encap. 
sidation capacity). Also the E2A region can be deleted from the vector, when the E2A gene product Is provided in trans 
in the encapsidation cell line, adding another 1 .6 kb. It is, however, unlikely that the maximum capacity of foreign ON A 
15 can be significantly increased further than 12 kb. 

[0040] We developed a new strategy for the generation and production of helperfree-stocks of recombinant adeno- 
virus vectors that can accomodate up to 38 kb of foreign DNA. Only two functional ITR sequences, and sequences 
that can function as an encapsidation signal need to be part of the vector genome. Such vectors are called minimal 
adenovectors. The helper functions for the minimal adenovectors are provided in trans by encapsidation defective- 
replication competent DNA molecules that contain an the viral genes encoding the required gene products, with the 
exception of those genes that are present in the host-cell genome, or genes that reside in the vector genome. ' 
[0041 ] The applications of the disclosed inventions are outlined be low and will be illustrated in the experimental part, 
which is only intended for said purpose, and should not be used to reduce the scope of the present invention as 
understood by the person skilled in the art 

23 

Use of the IG packaging constructs Diploid cells. 

[0042] The constructs. In particular plG.E1A.ElB, will be used to transfect diploid human cells, such as Human 
Embryonic Retinoblasts (HER), Human Embryonic Kidney cells (HEK), and Human Embryonic Lung cells (H EL). Trans- 
30 fected cells will be selected for transformed phenotype (focus formation) and tested for their ability to support propa- 
gation of El-deleted recombinant adenovirus, such as IG.Ad.MLPI.TK. Such cell lines will be used for the generation 
and (large-scale) production of El-deleted recombinant adenoviruses. Such cells, infected with recombinant adeno- 
virus are also intended to be used in vivo as a local producer of recombinant adenovirus, e.g. for the treatment of solid 
tumors. 

• 35 I° 043 J 91 1 ceUs are use * 'or the. titration, generation and production of recombinant adenovirus vectors (Fallaux et 
al., 1996). 

[0044] HER cells transfected with plG.E1A.E1B has resulted in 7 independent clones (called PER cells). These 
clones are used for the production of E1 deleted (including nonoverlapping adenovirus vectors) or E1 defective recom- 
binant adenovirus vectors and provide the basis for Introduction of e.g. E28 or E2A constructs (e.g. U125E2A, see 
40 below). E4 etc., that win allow propagation of adenovirus vectors that have mutations in e.g. E2A or E4. 

[0045] In addition, diploid cells of other species that are permissive for human adenovirus, such as the cotton rat 
(Sigmodon hispidus) (Pacini et al.. 1984), Syrian hamster (Morin et al.. 1987) or chimpanzee (Levrero et al., 1991), 
will be immortalized with these constructs. Such cells, infected with recombinant adenovirus, are also intended to be 
used in vivo for the local production of recombinant adenovirus, e.g. for the treatment of solid tumors. 

45 

Established cells. 

[0046] The constructs, in particular plG.E1A.NEO. can be used to transfect established cells, e.g. A549 (human 
bronchial carcinoma), KB (oral carcinoma). MRC-5 (human diploid lung cell line) or GLC cell lines (small cell lung 
so cancer) (de Leij et al., 1985; Postmus et al.. 1988) and selected for NEO resistance. Individual colonies of resistant 
cells are isolated and tested for their capacity to support propagation of El-deleted recombinant adenovirus, such as 
IG.Ad.MLPI.TK. When propagation of El deleted viruses on El A containing cells is possible, such cells can be used 
lor the generation and production of El-deleted recombinant adenovirus. They are also be used for the propagation of 
El A deJeted/ElB retained recombinant adenovirus. 

[0047] Established cells can also be co-transfected with plG.E1A.El8 and pIG.NEO (or another NEO containing 
expression vector) . Clones resistant to G4 1 8 are tested for their ability to support propagation of El deleted recombinant 
adenovirus, such as IG.Ad.MLPIJK and used for the generation and production of El deleted recombinant adenovirus 
and will be applied in vivo for local production of recombinant virus, as described for the diploid cells (see above). 
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[0048] All cell lines, including transformed diploid cell lines or NEO-resistant established lines, can be used as the 
basis for the generation of 'next generation' packaging cell lines, that support propagation of E1 -defective recombinant 
adenoviruses, that also carry deletions in other genes, such as E2A and E4. Moreover, they will provide the basis for 
the generation of minimal adenovirus vectors as disclosed herein. 

5 

E2 expressing cell lines 

[0049] Packaging cells expressing E2A sequences are and will be used for the generation and (large scale) produc- 
tion of E2A-deleted recombinant adenovirus. 

io [0050] The newly generated fiuman adenovirus packaging cell lines or cell lines derived from species permissive for 
human adenovirus (E2A or ts125E2A; E1A + E2A; E1A+ E1B> E2A: E1A * E2AAs125; E1A+ E1B - E2AAs125) or 
non-permissive cell lines such as monkey cells (hrE2A or hr + U125E2A; E1 A + hrE2A; E1A ♦ E1B • hrE2A; E1A + 
hrE2AAs125; E1A + E1B + hrE2AAs125) are and will be used for the generation and (large scale) production of E2A 
deleted recombinant adenovirus vectors. In addition, they will be applied in vivo for local production of recombinant 

f5 virus, as described for the diploid cells (see above). 

Novel adenovirus vectors. 

[0051] The newly developed adenovirus vectors harbouring an E1 deletion of nt. 459-3510 will be used for gene 
20 transfer purposes. These vectors are also the basis for the development of further deleted adenovirus vectors that are 
mutated for e.g. E2A, E2B or E4. Such vectors will be generated e.g. on the newly developed packaging cell lines 
described above (see 1-3). 

Minimal adenovirus packaging system 

23 

[0052] We disclose adenovirus packaging constructs (to be used for the packaging of minimal adenovirus vectors) 
that may have the following characteristics: 

a. the packaging construct replicates 
so b. the packaging construct can not be packaged because the packaging signal is deleted 

c. the packaging construct contains an internal hairpinforming sequence (see section 'Experimental; suggested 
hairpin 1 see Fig. 15) 

d. because of the internal hairpin structure, the packaging construct is duplicated, that is the DNA of the packaging 
construct becomes twice as long as it was before transfection into the packaging cell (in our sample it duplicates 

35 from 35 kb to 70 kb). This duplication also prevents packaging. Note that this duplicated DNA molecule has ITFVa, 

at both termini (see e.g. Fig. 13) 

e. this duplicated packaging molecule is able to replicate like a f normal adenovirus* DNA molecule 

f. the duplication of the genome. is a prerequisite for the production of sufficient levels of adenovirus proteins, 
required to package the minimal adenovirus vector 

40 g. the packaging construct has no overlapping sequences with the minimal vector or cellular sequences that may 

lead to generation of RCA by homologous recombination. 

[0053] This packaging system will be used to produce minimal adenovirus vectors. The advantages of minimal ad- 
enovirus vectors e.g. for gene therapy of vaccination purposes, ere well known (accommodation of up to 38 kb; gutting 
45 of all potentially toxic and immunogenic adenovirus genes). 

[0054] Adenovirus vectors containing mutations in essential genes (including minimal adenovirus vectors) can also 
be propagated using this system. 

Use of intracellular E2 expressing vectors. 

50 

[0055] Minimal adenovirus vectors are generated using the helper functions provided in trans by packaging-def cient 
replicating helper molecules. The adenovirus-derived ITR sequences serve as origins of DNA replication in the pres- 
ence of at least the E2-gene products. When the E2 gene products are expressed from genes in the vector genome 
(N.B. the gene(s) must be driven by an El -independent promoter), the vector genome can replicate in the target cells. 
55 This will allow a significantly increased number of template molecules in the target cells, and, as a result an increased 
expression of the genes of interest encoded by the vector. This is of particular interest for approaches of gene therapy 
in cancer. 
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Applications of intracellular amplification of linear DNA fragments. 

[0056] A similar approach could also be taken If amplification of linear DNA fragments is desired. ONA fragments of 
known or unknown sequence could be amplified in ceils containing the E2«gene products if at least one fTR sequence 

5 is located near or at its terminus. There are no apparent constraints on the size of the fragment Even fragments much 
larger than the adenovirus genome (36 kb) should be amplified using this approach. It is thus possible to clone large 
fragments in mammalian cells without either shuttling the fragment into bacteria (such as E.ccli) or use the polymerase 
chain reaction (P.C.R.). At the end stage of a productive adenovirus infection a single cell can contain over 100,000 
copies of the viral genome. In the optimal situation, the linear DNA fragments can be amplified to similar levels. Thus, 

ip one should be able to extract more than 5 ug of DNA fragment per 1 0 million cefls (for a 35-kbo fragment). This system 
can be used to express heterologous proteins (equivalent to the Simian Virus 40-based COS-cell system) for research 
or for therapeutic purposes. In addition, the system can be used to identify genes in large fragments of DNA. Random 
ONA fragments may be amplified (after addition of JTRs) and expressed during intracellular amplification. Election or, 
selection of those cells with the desired phenotype can be used to enrich the fragment of interest and to isolate the gene! 

EXPERIMENTAL 

Generation of cell lines able to trans complement E1 defective recombinant adenovirus vectors. 
so . 1.911 ceil line 

[0057] We have generated a cell line that harbors El sequences of adenovirus type 5, able to trans-complement E1 
deleted recombinant adenovirus (Fallaux et al., 1 996). 

[0058] This cell line was obtained by transfection of human diploid human embryonic retinoblasts (HER) with 
« pAdSXholC, that contains nt. 80 - 5788 of Ad5; one of the resulting transformants was designated 911. This cell line 
has been shown to be very useful in the propagation of El defective recombinant adenovirus. It was found to be 
superior to the 293 cells. Unlike 293 cells, 911 cells lack a fully transformed phenotype, which most likely is the cause 
of performing better as adenovirus packaging line: 

30 plaque assays can be performed faster (4 - 5 days instead of 8-14 days on 293) 

monolayers of 91 1 cells survive better under ag&* overlay as required for plaque assays 
higher amplification of E1 -deleted vectors 

[0059J In addition, unlike 293 cells that were transfected with sheared adenoviral DNA, 911 cells were transfected 
35 using a defined construct. Transfection efficiencies of 911 cells are comparable to those of 293. 

New packaging constructs. 

Source of adenovirus sequences. 

40 

[0060] Adenovirus sequences are derived either from pAd5.Sa1B. containing nt. 80 - 9460 of human adenovirus 
type 5 (Bernards et al. f 1 983) or from wild-type AdS DNA. 

[0061] pAdS.SaiB was digested with Sail and Xhol and the large fragment was religated and this new clone was 
named pAd5.X/S. 

43 [0062] The pTN construct (constructed by Dr. R. Vogeb, IntrcGene, The Netherlands) was used as a source for the 
human PGK promoter and the NEO gene. 

Human PGK promoter and NEO* gene. 

so [0063] Transcription of £1 A sequences in the new packaging constructs is driven by the human PGK promoter 
(Michelson et al.. 1983; Singer-Sam et a». f 1984), derived from plasmid pTN (gift of R. Vogels), which uses pUC119 
(Vieira and Messing, 1 987) as a backbone. This plasmid was also used as a source for NEO gene fused to the Hepatitis 
B Virus (HBV) poly-adenylation signal. 

33 Fusion of PGK promoter to El genes (Fig. 1) 

[0064] In order to replace the E1 sequences of AdS (ITR, origin of replication and packaging signal) by heterologous 
sequences we have amplified E1 sequences (nt.459 to nt. 960) of AdS by PCR, using primers Eal and Ea2 (see Table 
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1). The resulting PGR product was digested with Cial and ligated into Bluescript (Stratagene), predigested with Ctal 
and EcoRV, resulting in construct pBS.PCRI. 

[0065] VectorpTN was digested with restriction enzymes EcoRI (partially) and Seal, and the DNA fragment containing 
the PGK promoter sequences was ligated into PBS.PCRI digested with Seal and EcoRI. The resulting construct PBS. 
5 PGK.PCRI contains the human PGK promoter operatrvely linked to Ad5 El sequences from nt.459 to nt. 91 6. 

Construction of p!G.E1 A.E1B.X (Fig. 2) 

[0066] pIG.EI A.E1 B.X was made by replacing the Scal-BspEI fragment of pAT-X/S by the corresponding fragment 
to from PBS.PGK.PCRI (containing the PGK promoter linked to E1 A sequences). 

[0067] pIG.EI A.E1 B.X contains the E1A and E1B coding sequences under the direction of the PGK promoter. 
[0068] As Ad5 sequences from nt.459 to nt. 5788 are present in this construct, also pIX protein of adenovirus Is 
encoded by this plasmid. 

m Construction of pIG.EI A.NEO (Pig. 3) 

[0069] In order to introduce the complete E IB promoter and to fuse this promoter in such a way that the AUG codon 
of E1B 21 kD exactly functions as the AUG codon of NEO R , we amplified the E1B promoter using primers Ea3 and 
Ep2, where primer Ep2 introduces an Ncol site in the PCR fragment. The resulting PCR fragment, named PCRII, was 
20 digested with Hpal and Ncol and ligated into pAT-X/S, which was predigested with Hpal and with Ncol. The resulting 
plasmid was designated pAT-X/S-PCR2. The Ncol - Stu! fragment of pTN, containing the NEO gene and part of the 
Hepatitis B Virus (HBV) poty-adenylation signal, was cloned into pAT-X/S-PCR2 (digested with Ncol and Nrul). The 
resulting construct: pAT-PCR2-NEO. The polyadenylation signal was completed by replacing the Seal-Sail fragment 
of pAT-PCR2-NEO by the corresponding fragment of pTN (resulting in pAT.PCR2.NEO.p(A)). The Seal - Xbal of pAT. 

29 PCR2.NEO.p (A) was replaced by the corresponding fragment of pIG.EI A.E 1 B-X, containing the PGK promoter linked 
to E1 A genes. 

[0070] The resulting construct was named pIG.EI A.NEO, and thus contains Ad5 E1 sequences (nt.459 to nt 1713) 
under the control of the human PGK promoter. 

30 Construction of pIG.EI A.E1 B (Fig. 4) 

[0071] pIG.EI A.E1 B was made by amplifying the sequences encoding the N-terminal amino acids of E1B 55kd using 
primers Eb1 and Eb2 (introduces a Xhol site). The resulting PCR fragment was digested with Bgllt and cloned into 
Bglll/Nrul of pAT-X/S, thereby obtaining pAT-PCR3. 
25 [0072] pIG.EI A.E1 B was constructed by introducing the HBV poly(A) sequences of pIG.EI A.NEO downstream of 
E1B sequences of pAT-PCR3 by exchange of Xbal - Sail fragment of pig. E1 A.NEO and the Xbal Xhol fragment of 
pAT.PCR3. 

[0073] pIG.EI A. E1 B contains nt 459 to nt. 3510 of AdS, that encode the E1 A and E1 B proteins. The E1B sequences 
are terminated at the splice acceptor at nt.35 11 . No pIX sequences are present in this construct. 

40 

Construction of pIG.NEO (Fig. 5) 

[0074] pIG.NEO was generated by cloning the Hpal - Seal fragment of pIG.EI A.NEO. containing the NEO gene 
under the control of the Ad.5 ElB promoter, into pBS digested with EcoRV and Seal. 
45 [0075] This construct is of use when established cells are transfected with E1 A. El B constructs and NEO selection 
is required. Because NEO expression is directed by the E1 B promoter, NEO resistant ceils are expected to co-express 
E1 A, which also is advantageous for maintaining high levels of expression of El A during long-term culture of the cells. 

Testing of constructs. 

50 

[0076] The integrity of the constructs pIG.EI A.NEO, pIG.EI A.E 1 B.X and plG.E1A.E1B was assessed by restriction 
enzyme mapping; furthermore, parts of the constructs that were obtained by PCR analysis were confirmed by sequence 
analysis. No changes in the nucleotide sequence were found. 

[0077] The constructs were transfected into primary BRK (Baby Rat Kidney) cells and tested for their ability to in> 
55 mortalize (pIG.ElA.NEO) or fully transform (pAd5.XholC.plG.E1 A. El B.X and plG.E1A.E1B) these cells. 

[0078] Kidneys of 6-day old WAG-Rfj rats were isolated, homogenized and trypsinfzed. Subconfluent dishes (diam- 
eter 5 cm) of the BRK cell cultures were transfected with 1 or 5 ug of pIG.NEO, pIG.EI A.NEO, pIG.EI A.E1B. pIG. 
E 1 A.E 1 B.X, pAdSXhoIC, or with pIG.EI A.N EO together with PDC26 (Van der Elsen et al. t 1 983), carrying the Ad5. E1 B 
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gene under control of the S V40 early promoter. Three weeks post-transf ection, when foci were visible, the dishes were 
fixed, Giemsa stained and the foci counted. 

[0079] An overview of the generated adenovirus packaging constructs, and their ability to transform BRK, is present- 
ed in Fig. 6. The results indicate that the constructs plG.EIA.EIB and pIG.BA.ElB.X are able to transform BRK cells in 
3 a dose-dependent manner. The efficiency of transformation is similar for both constructs and is comparable to what 
was found with the construct that was used to make 911 cells, namely pAd5.XholC. 

[0080] As expected. plG.E1A.NEO was hardly able to Immortalize BRK. However, co-transfection of an E1B expres- 
sion construct (PDC26) did result in a significant increase of the number of transformants (18 versus IV indicatina that 
E1 A encoded by plG.E1A.NEO is functional. 'a 
to [0081] We conclude therefore, that the newly generated packaging constructs are suited for the generation of new 
adenovirus packaging Ones. 

Generation of cell lines with new packaging constructs Cell lines and cell culture 

w [0082] Human A549 bronchial carcinoma cells (Shapiro et al. t 1978), human embryonic retinoblasts (HER) 
Ad5-E1 1 -transformed human embryonic kidney (HEK) cells (293; Graham et al. ( 1977) cells and AdS-transformed HER 
cells (91 1 : Fallaux et al, 1 996)) and PER cells were grown in Dulbecco's Modified Eagle Medium (DM EM) supplemented 
with 10% Fetal Calf Serum (FCS) and antibiotics in a 5% C02 atmosphere at 37"C. Cell culture media, reagents and 
sera were purchased from Gibco Laboratories (Grand Island, NY). Culture plastics were purchased from Greiner 

20 (Nurtingen, Germany) and Coming (Corning, NY). 

Viruses and virus techniques 



[0083) The construction of adenoviral vectors IG.Ad.MLP.nls.lacZ. IG.Ad.MLP.luc, IG.Ad.MLP.TK and IG.Ad.CMV. 
w TK is described in detail in patent application EP 0707071. 

[0084] The recombinant adenoviral vector IG.Ad.MLP.nls.lacZ contains the E.coli Iac2 gene, encoding p-galactosi- 
dase, under control of the Ad2 major late promoter (MLP).IG.Ad.MLP.Iuc contains the firefly tuciferase gene driven by 
the Ad2 MLR Adenoviral vectors IG.Ad.MLP.TK and IG.Ad.CMV.7K contain the Herpes Simplex Virus thymidine kinase 
(TK) gene under the control of the Ad2 MLP and the Cytomegalovirus (CMV) enhancer/promoter, respectively. 

30 

Transfections 

[00S5] All transfections were performed by calcium-phosphate precipitation ONA (Graham and Van der Eb, 1973) 
with the GIBCO Calcium Phosphate Transfection System (GIBCO BRL Life Technologies Inc., Gaithersburg, USA). 
» according to the manufacturers protocol. 

Western blotting 

[0086J Subcontluent cultures of exponentially growing 293,91 1 and Ad5-E1 -transformed A549 and PER cells were 
washed with PBS and scraped in Fos-RIPA buffer (1 0 mM Tris (pH 7.5), 1 SO mM NaCI, 1 % NP40 f 01% sodium dodecyl 
sulphate (SDS), 1% NA-DOC. 0,5 mM phenyl methyl sulphonyl fluoride (PMSF), 0,5 mM trypsin inhibitor, 50 mM NaF 
and 1 mM sodium vanadate). After 10 min. at room temperature, lysates were cleared by centrif ugatlon. Protein con- 
centrations were measured with the Biorad protein assay kit, and 25 u,g total cellular protein was loaded on a 12.5% 
SOS-PAA gel. After electrophoresis, proteins were transferred to nitrocellulose (Ih at 300 rnA). Prestained standards 
(Sigma, USA) were run in parallel. Filters were blocked with 1% bovine serum albumin (BSA) In TBST (10 mM Tris, 
pH 8, 15 mM NaCI, and 0.05% Tween-20) for 1 hour. First antibodies were the mouse monoclonal antl-Ad5-E1B- 
55-kDA antibody AIC6 (Zantema et al. , unpublished), the rat monoclonal anti-Ad5-E 1 B-221 -kDa antibody CIG1 1 (Zante- 
ma et al., 1985). The second antibody was a horseradish peroxidase-labeled goat anti-mouse antibody (Promega). 
Signals were visualized by enhanced chemoluminescence (Amersham Corp, UK). 

Southern blot analysis 

[0087] High molecular weight ON A was isolated and 1 0 ug was digested to completion and fractionated on a 0.7% 
agarose gel. Southern blot transfer to Hybond N+ (Amersham, UK) was performed with a 0.4 M NAOH, 0.6 M NaCI 
transfer solution (Church and Gilbert, 1984). Hybridization was performed with a 2463-nt Sspl-Hindlll fragment from 
pAdS.SalB (Bernards et al.. 1 983). This fragment consists of Ad5 bp. 342-2805. The fragment was radiolabeled with 
a-32P-dCTP ^th the use of random hexanucleotide primers and Klenow DNA polymerase. The southern blots were 
exposed to a Kodak XAR-5 film at -80*C and to a Phospho-lmager screen which was analyzed by B&L systems Mo- 
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lecular Dynamics software. 
A549 

5 [0083] Ad5-E1 -transformed A549 human bronchial carcinoma cell lines were generated by transfection with p!G. 
EIA.NEO and selection for G41B resistance. Thirty-one G418. resistant clones were established. Co-transfection of 
plG.E1A.E1 B with pIG.N^O yielded seven G418 resistant cell lines. 

PER 

10 . , 

[0089] Ad5-E1 -transformed human embryonic retina (HER) cells were generated by transfection of primary HER 
cells with plasmid plG.E1A.E1B. Transformed cell lines were established from well-separated foci. We were able to 
establish seven clonal cell lines, which we called PER.C1 , PER.C3, PER.C4, PER.C5, PER.C6, PER.C8 and PER.C9. 
[0090] One of the PER clones, namely PER.C6, has been deposited at the ECACC under number 96022940. 

is 

Expression of Ad5 E1 A and E1B genes tn transformed A549 and PER cells 

[0091] Expression of the Ad5 E1 A and the 55-kDa and 21 kDa E1 B proteins in the established A549 and PER cells 
was studied by means of Western blotting, with the use of monoclonal antibodies (mAb). Mab M73 recognizes the E1 A 

so products, whereas Mabs AIC6 and CIG11 are directed against the 55-kDa and 21 kDa E1B proteins, respectively. 
[0092] The antibodies did not recognize proteins in extracts from the parental A549 or the primary HER cells (data 
not shown). None of the A549 clones that were generated by co-transfection of pIG.NEO and plG.E1A.E1 B expressed 
detectable levels of E1A or E1B proteins (not shown). Some of the A549 clones that were generated by transfection 
with plG.E1A.NEO expressed the Ad5 E1A proteins (Fig. 7), but the levels were much lower than those detected in 

23 protein lysates from 293 cells. The steady state E1A levels defected in protein extracts from PER cells were much 
higher than those detected in extracts from A549-derived cells. All PER cell lines expressed similar levels of El A 
proteins (Fig. 7). The expression of the E1B proteins, particularly in the case of E1B 55 kDa, was more variable. 
Compared to 911 and 293, the majority of the PER clones express high levels of E1 B 55 kDa and 21 kDa. The steady 
state level of E1B 21 kDa was the highest in PER.C3. None of the PER clones lost expression of the Ad5 E1 genes 

so upon serial passage of the cells (not shown). We found that the level of E1 expression in PER cells remained stable 
. for at least 1 00 population doublings. We decided to characterize the PER clones in more detail. 

Southern analysis of PER clones 

33 [0093] Jo study the arrangement of the Ad5-Et encoding sequences in the PER clones we performed Southern 
analyses. Cellular DNA was extracted from ail PER clones, and from 293 and 911 cells. The DNA was digested with 
Hindlll, which cuts once in the Ad5 E1 region. Southern hybridization on Hindi Indigested DNA. using a radiolabeled 
Ad5-E1 -specific probe revealed the presence of several integrated copies of plG.E1A.E1B in the genome of the PER 
clones. Figure 8 shows the distribution pattern of E1 sequences in the high molecular weight DNA of the different PER 

40 cell lines. The copies are concentrated in a single band, which suggests that they are integrated as tandem repeats. 
In the case of PER.C3, C5, C5 and C9 we found additional hybridizing bands of low molecular weight that indicate the 
presence of truncated copies of plG.E1A.E1B. The number of copies was determined with the use of a Phospho- 
Imager. We estimated that PER.C1 , C3, C4, C5. C6, C8 and C9 contain 2, 88, 5,4. 5, 5 and 3 copies of the Ad5 E1 
coding region, respectively, and that 911 and 293 ceils contain 1 and 4 copies of the Ad5 E1 sequences, respectively. 

45 

Transfection efficiency 

[0094] Recombinant adenovectors are generated by co-transfection of adaptor plasmids and the large Clal fragment 
of Ad5 into 293 cells (see patent application EP 0 707 071). The recombinant virus DNA is formed by homologous 
30 recombination between the homologous viral sequences that are present in the plasmid and the adenovirus DNA. The 
efficacy of this method, as well as that of alternative strategies, is highly dependent on the transferability of the helper 
cells. Therefore, we compared the transfection efficiencies of some of the PER clones with 911 cells, using the E.cofi 
P-galactosidase-encoding lacZ gene as a reporter (Fig. 9). 

33 Production of recombinant adenovirus 

[0095] Yields of recombinant adenovirus obtained after inoculation of 293, 91 1 , PER.C3, PER.C5 and PER.C6 with 
different adenovirus vectors are presented in Table II. 
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[0096] The results indicate that the yields obtained on PER cells are at least as high as those obtained on the existing 
cell lines. y 



[0097] in addition, the yields of the novel adenovirus vector IG.Ad.MLPLTK are similar or higher than the yields 
obtained for the other viral vectors on all ceil lines tested. 

Generation of new adenovirus vectors (Fig. 10). 

[0098] The used recombinant adenovirus vectors (see patent application EP 0 707 071) are deleted for El sequences 
from 459 to nt. 3328. . 
[0099] As construct pIG.EIA.EIB contains Ad5 sequences 459 to nt. 3510 there is a sequence overlap of 183 nt 
between E1B sequences in the packaging construct plG.EIA.EIB and recombinant adenoviruses, such as e g IG Ad' 
MLP.TK. The overlapping seqtences were deleted from the new adenovirus vectors. In addition, non-coding sequences 
derived from Iac2. that are present in the original contructs, were deleted as welL This was achieved (see Fig 10) by 
PCR amplification of the SV40 poly(A) sequences from pMLP.TK using primers SV40-1 (introduces a BamHI site) and 
SV40-2 (introduces a Bglll site). In addition, Ad5 sequences present In this construct were amplified from nt 2496 (Ad5 
introduces a Bglll site) to nt. 2779 (AdS-2). Botfi PCR fragments were digested with Bglll and were ligated. The ligaUon 
product was PCR amplified using primers SV40-1 and Ad5-2. The PCR product obtained was cut with BamHI and Aflll 
and was ligated into pMLP.TK predigested with the same enzymes. The resulting construct, named pMLPl.TK, contains 
a deletion in adenovirus E1 sequences from nt 459 to nt 3510. 

Packaging system 

[01 00] The combination of the new packaging construct pIG.El A.E1 B and the recombinant adenovirus pMLPI TK 
which do not have any sequence overlap, are presented in Fig. 1 1 . In this figure, also the original situation is presented' 
where the sequence overlap is indicated. 

[0101] The absence of overlapping sequences between pIG.El A.E1 B and pMLPl.TK (Fig. 11a) excludes the possi- 
bility of homologous recombination between packaging construct and recombinant virus, and is therefore a significant 
improvement for production of recombinant adenovirus as compared to the original situation. 
[0102] In Fig. 11b the situation Is depicted forplG.E1A.NEO and IG.Ad.MLPLTK. plG.E1A.NEO when transfected 
into established cells, is expected to be sufficient to support propagation of E1 -deleted recombinant adenovirus. This 
comomation does not have any sequence overlap, preventing generation of RCA by homologous recombination In 
addifcon, this convenient packaging system allows the propagation of recombinant adenoviruses that are deleted just 
for E1 A sequences and not for E1B sequences. Recombinant adenoviruses expressing E1B in the absence of E1A 
are attractive, as the E1B protein, in particular E1B 19kD. is able to prevent infected human cells from lysis by Tumor 
Necrosis Factor (TNF) (Gooding et al., 1 991 ). 

Generation of recombinant adenovirus derived from pMLPl.TK. 

[0103] Recombinant adenovirus was generated by co-transfectlon of 293 cells with Sail linearized pMLPl.TK DNA 
and Clal linearized Ad5 wt DNA. The procedure is schematically represented in Fig. 12. 

Outline of the strategy to generate packaging systems for minimal adenovirus vector 

[0104] Name convention of the plasmids used: 

p plasmid 

I ITR (Adenovirus Inverted Terminal Repeat) 

C Cytomegalovirus (CMV) Enhancer/Promoter Combination 

L Firefly Luciferase Coding Sequence hac.haw Potential hairpin that can be formed after digestion with restriction 
endonuclease Asp718 in its correct end in the. reverse orientation, respectively (Fig. 15). 

[0105] Eg. pICLhaw is a plasmid that contains the adenovirus ITR followed by the CM V-driven luciferase gene and 
the Asp71 8 hairpin in the reverse (non-functional) orientation. 
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1 .1 Demonstration of the competence of a synthetic DNA sequence, that is capable of forming a hairpin-structure, to 
serve as a primer for reverse strand synthesis for the generation of double-stranded DNA molecules in cells that contain 
and express adenovirus genes. 

5 [01 06] Plasmids pICLhac, pICLhaw, pICLI and pICL were generated using standard techniques. The schematic rep- 
resentation of these plasmids is shown in Figs. 16-19. 
Plasmid pICL is derived from the following plasmids: 

nt.1 • 457 pMLPIO (Levrero et al., 1991) 
io nt.458 -1218 pCMVp (Clontech, EMBL Bank No. U02451) 

nt.1219 - 3016 pMLP.luc (IntroGene, unpublished) 
nt.301 7 - 5620 pBLCAT5 (Stein and Whelan. 1 9B9) 

The plasmid has been constructed as follows: 

« [0107J The fefgene of plasmid pMLPIO has been inactivated by deletion of the BamHi-SaH fragment, to generate 
pMLPIOASB. Using primer set PCR/MLP1 and PCFVMLP3 a 210 bp fragment containing the Ad5-ITR, flanked by a 
synthetic Sail restriction site was amplified using pMLPIO DNA as the template. The PCR product was digested with 
the enzymes EcoRI and SgrAI to generate a 196 bp. fragment Plasmid pMLPIOASB was digested with EcoRI and 
SgrAI to remove the ITR. This fragment was replaced by the EcoRI-SgrAI -treated PCR fragment to generate pMLP/ 

20 SAL. Plasmid pCMV-Luc was digested with Pvull to completion and recirculated to remove the SV40-derived poly- 
adenylation signal and Ad5 sequences with exception of the Ad5 left-terminus. In the resulting plasmid, pCMV-lucAAd, 
the Ad5 ITR was replaced by the Sal-site-flanked ITR from plasmid pMLP/SAL by exchanging the Xmnl-Sacll frag- 
ments. The resulting plasmid, pCMV-lucAAd/SAL, the Ad5 left terminus and the CMV-driven luciferase gene were 
isolated as a Sall-Smal fragment and inserted in the Sail and Hpal digested plasmid pBLCATS, to form plasmid pICL. 

25 Plasmid pICL is represented in Fig 19; its sequence is presented in Fig. 20. 
[01 08] Plasmid pICL contains the following features: 

nt. 1 -4S7 Ad5 left terminus (Sequence 1 -457 of human adenovirus type 5) 

nt. 458-969 Human cytomegalovirus enhancer and Immediate 
30 early promoter (Boshart et al., 1 985) (from plasmid pCMVp, Clontech, Palo Alto, USA) 
nt. S70-1 204 SV40 1 9S exon and truncated 1 6/1 9S intron (from plasmid pCMVP) 
nt. 121 8-2987 Firefly luciferase gene (from pMLP.luc) 

nt. 301 8-3131 SV40 tandem poly-adenylation signals from late transcript, derived from plasmid pBLCATS) 
nt. 3132-5620 pUC12 backbone (derived from plasmid p8LCAT5) 
35 nt. 4337-51 91 ^-lactamase gene (Amp-resistence gene, reverse orientation) . 

Plasmid pICLhac and pICLhaw 

[0109] Plasmids pICLhac and pICLhaw were derived from plasmid pICL by digestion of the latter plasmid with the 
40 restriction enzyme Asp718. The linearized plasmid was treated with Calf-Intestine Alkaline Phosphatase to remove 
the 51 phoshate groups. The partially complementary synthetic single-stranded oligonucleotide Hp/asp1 en Hp/asp2 
were annealed and phosphorylated on their 5'ends using T4-polynucleotide kinase. 

[01 1 01 The phosporylated double-stranded oligomers were mixed with the dephosporylated pICL fragment and "gat- 
ed Clones containing a single copy of the synthetic oligonucleotide inserted into the plasmid were isolated and char- 

45 acterized using restriction enzyme digests. Insertion of the oligonucleotide into the Asp718 site will at one junction 
recreate an Asp71 8 recognition site, whereas at the other junction the recognitionsite will be disrupted. The orientation 
and the integrity of the inserted oligonucleotide was verified in selected clones by sequence analyses. A clone con- 
taining the oligonucleotide in the correct orientation (the Asp71 8 site close to the 3205 EcoRI site) was denoted pICLhac. 
A done with the oligonucleotide in the reverse orientation (the Asp718 site close to the SV40 derived poiy signal) was 

so designated pICLhaw. Plasmids pICLhac and pICLhaw are represented in Figs. 16 and 17. 

[01111 Plasmid pICLI was created from plasmid pICL by insertion of the Sall-SgrAI fragment from pICL, containing 
the AdS-ITR into the Asp718 site of pICL. The 194 bp Sall-SgrAI fragment was isolated from pICL. and the cohesive 
ends were converted to blunt ends using E.coli DNA polymerase I (Klenow fragment) and dNTPs. The Asp71 8 cohesive 
ends were converted to blunt ends by treatment with mungbean nuclease. By ligation cfones were generated that 

55 contain the ITR in the Asp71 8 site of plasmid pICL. A done that contained the ITR fragment In the correct orientation 
was designated pICL! (Fig. 18). Generation of adenovirus Ad-CMV-hcTK. Recombinant adenovirus was constructed 
according to the method described in Patent application EP 0 707 071. Two components are required to generate a 
recombinant adenovirus. First, an adaptor-plasmid containing the left terminus of the adenovirus genome containing 
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the FTR and the packaging signal, an expression cassette with the gene of interest, and a portion of the adenovirus 
genome which can be used for homologous recombination. In addition, adenovirus DNA is needed for recombination 
with the aforementioned adaptor plasmid. In the case of Ad-CMV-hcTK. the plasmid PCMV.TK was used as a basis. 
This plasmid contains nt 1-455 of the adenovirus type 5 genome, nt. 456-1204 derived from pCMVf* (Clontech, the 
5 Pstl-Stul fragment that contains the CMV enhancer promoter and the 16S/1 9S intron from Simian Virus 40), the Herpes 
Simplex Virus thymidine kinase gene (described in Patent application EP 0 707071), the SV40-derived polyadenylaUon 
signal (nt. 2533-2668 of the SV40 sequence), followed by the Bglll-Scal fragment of Ad5 (nt. 3328-6092 of the AdS 
sequence). These fragments are present in apMLPIO-derived (Levrero et al., 1991) backbone. To generate plasmid 
pAD-CMVhc-TK, plasmid pCMV.TK was digested with Clal (the unique Clal-site is located just upstream of the TK 

to open readingframe) and dephosphorylated with Calf-Intestine Alkaline Phosphatase. To generate a hairpin-structure, 
the synthetic oligonucleotides HP/cla2 and HP/cla2 were annealed and phopsphoryiated on their 5'-OH groups with 
T4-porynucteotide kinase and ATP. The double-stranded oligonucleotide was ligated with the linearized vector fragment 
and used to transform E.coli strain *Sure\ Insertion of the oligonucleotide into the Clal site will disrupt the Clal recog- 
nition sites. The oligonucleotide contains a new Clal site near one of its termini. In selected clones, the orientation and 

u the inegrity of the inserted oligonucleotide was verified by sequence analyses. A clone containing the oligonucleotide 
in the correct orientation (the Clal site at the ITR side) was denoted pAd-CMV-hcTK. This plasmid was co-transfected 
with Cral digested wild-type Aderibvirus-fype5 DNA into 911 ceils. A recombinant adenovirus in which the CMV-hcTK 
expression cassette replaces the E1 sequences was isolated and propagated using standard procedures. 
[0112] To study whether the hairpin can be used as a primer for reverse strand synthesis on the displaced strand 

» after replication had started at the ITR, the plasmid pICLhac is introduced into 911 cells (human embryonic retlnoblasts 
transformed with the adenovirus E1 region). The plasmid pICLhaw serves as a control, which contains the oligonucle- 
otide pair HP/asp 1 and 2 in the reverse orientation but is further completely identical to plasmid pICLhac. Also included 
in these studies are plasmids pICLI and pICL. In the plasmid pICLI the hairpin is replaced by an adenovirus ITR. Plasmid 
pICL contains neither a hairpin nor an ITR sequence. These plasmids serve as controls to determine the efficiency of 

** replication by virtue of the terminal-hairpin structure. To provide the viral products other than the E1 proteins (these 
are produced by the 91 1 cells) required for DNA replication the cultures are infected with the virus IG.Ad.MLPl.TK after 
transfection. Several parameters are being studied to demonstrate proper replication of the transf ected DNA molecules. 
First, DNA extracted from the cell cultures transfected with aforementioned plasmids and infected with IG.Ad.MLP1. 
TK virus is being analyzed by Southern blotting for the presence of the expected replication intermediates, as well as 

so for the presence of the duplicated genomes. Furthermore, from the transfected and IG.Ad.MLPI.TK infected cell pop- 
ulations virus is isolated, that is capable to transfer and express a luciferase marker g6ne into luciferase negative cells. 
[01 1 3] Plasmid DNA of plasmids pICLhac, pICLhaw, pICLI and pICL have been digested with restriction endonude- 
ase Sail and treated with mungbean nuclease to remove the 4 nucleotide single-stranded extension of the resulting 
DNA fragment In this manner a natural adenovirus 5'ITR terminus on the DNA fragment is created. Subsequently, 

35 both the pICLhac and pICLhaw plasmids were digested with restriction endonuclease Asp71 8 to generate the terminus 
capable of forming a hairpin structure. The digested pfasmids are Introduced into 911 cells, using the standard calcium 
phosphate co-precipitation technique, four dishes for each plasmid. During the transfection, for each plasmid two of 
the cultures are infected with the IG.Ad.MLPI.TK virus using 5 infectious IG.Ad.MLPI.TK particles per cell. At twenty- 
hours post-trans fectJon and forty hours post-transfection one Ad. tk -virus -infected and one uninfected culture are used 

<o to isolate small molecular- weight DNA using the procedure devised by Hirt Aliquots of isolated ONA are used for 
Southern analysis. After digestion of the samples with restriction endonuclease EcoRI using the ludf erase gene as a 
probe a hybridizing fragment of approx. 2.6kb is detected only In the samples from the adenovirus infected cells trans- 
fected with plasmid pICLhac. The size of this fragment is consistent with the anticipated duplication of the luciferase 
marker gene. This supports the conclusion that the Inserted hairpin is capable to serve as a primer for reverse strand 

«s synthesis. The hybridizing fragment is absent if the IG.Ad.MLPI.TK virus is omitted, or if the hairpin oligonucleotide 
has been inserted In the reverse orientation. 

[0114] The restriction endonuclease Dpnl recognizes the tetranucleotide sequence 5'-GATC-3\ but cleaves only 
methylated DNA, (that is, only (plasmid) DNA propagated in and derived from E.coli, not DNA that has been replicated 
in mammalian cells). The restriction endonuclease Mbol recognizes the same sequences, but cleaves only unmethyl- 
so ated DNA (viz. DNA propagated in mammalian cells). DNA samples isolated from the transfected cells are incubated 
with Mbol and Dpnl and analysed with Southern blots. These results demonstrate that only in the cells transfected with 
the pICLhac and the pICLI plasmids large Dpnl-resistant fragments are present, that are absent in the Mbol treated 
samples. These data demonstrate that only after transfection of plasmids pICLI and pICLhac replication and duplication 
of the fragments occur. 

55 [0115] These data demonstrate that in adenovirus -infected cells linear DNA fragments that have on one terminus 
an adenovirus-derived inverted terminal repeat (ITR) and at the other terminus a nucleotide sequence that can anneal 
to sequences on the same strand, when present in single-stranded form thereby generate a hairpin structure, and will 
be converted to structures that have inverted terminal repeat sequences on both ends. The resulting DNA molecules 
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will replicate by the same mechanism as the wild type adenovirus genomes. 

1 2 Demonstration that the DNA molecules that contain a luciferase marker gene, a single copy ot the ITR. tha 
encapsidation signal and a synthetic DNA sequence, that is capable of forming a hairpin structure, are sufficient to 
5 generate DNA molecules that can be encapsidated into virions. 

[01161 To demonstrate that the above DNA molecules containing two copies of the CMV-luc marker gene can be 
encapsidated into virions, virus is harvested from the remaining two cultures via three cycles of freeze-thaw crushing 
and Is used to infect murine fibroblasts. Forty-eight hours after infection the infected cells are assayed tor luciferase 

to activity To exclude the possibility that the luciferase activity has been Induced by transfer of free DNA. rather than via 
virus particles virus stocks are treated with DNasel to remove DNA contaminants. Furthermore, as an additional con- 
trol aliquots of the virus stocks are incubated for 60 minutes at 56'C. The heat treatment will not affect the contaminating 
DNA but will inactivate the viruses. Significant luciferase activity Is only found in the cells after infection with the virua 
stocks derived from l6.Ad.MLPI.TK-infected cells transfected with the pICLhac and pICU plasmids. Neither in the non- 

rs infected cells, nor in the infected cells transfected with the pICLhaw and pICL significant luciferase activity can be 
demonstrated. Heat inacti vation. but not DNasel treatment, completely eliminates luciferase expression, demonstrating 
that adenovirus particles, and not free (contaminating) DNA fragments are responsible for transfer of the luciferase 

[0117?' These results demonstrate that these small viral genomes can be encapsidated into adenovirus particles and 
so suggest that the ITR and the encapsidation signal are sufficient for encapsidation of linear DNA fragments into aden- 
ovirus particles. These adenovirus particles can be used for efficient gene transfer. When introduced Into ceDs that 
contain and express at least part of the adenovirus genes (viz. E1 , E2. E4. and L, and VA). recombinant DNA molecu es 
that consist of at least one ITR. at least part of the encapsidation signal as well as a synthetic DNA sequence, that Is 
capable of forming a hairpin structure, have the intrinsic capacity to autonomously generate recombinant genomes 
ss which can be encapsidated into virions. Such genomes and vector system can be used for gene transfer. 

1 3 Demonstration that DNA molecules which contain nucleotides 3510 - 35953 (viz. 9.7 - 100 map unto) of the 
adenovirus type 5 genome (thus lack the E1 protein-coding regions, the right-hand ITR and the encapsidation 
seouences> and a terminal DNA sequence that Is complementary to a portion of the same strand of the DNA molecule 
so when present in single-stranded form other than the ITR. and as a result is capable of forming a hairpin structure, can 
repiicate in 911 cells. 

[01 1 81 In order to develop a replicating DNA molecule that can provide the adenovirus products required to allow 
the above mentioned iCLhac vector genome and alike minimal adenovectors to be encapsidated into adenovirus par- 
as tides by helper cells, the Ad-CMV-hcTK adenoviral.vector has been developed. Between the CMVjenhancer/pwmoter 
region and the thymidine kinase gene the annealed oligonucleotide pair HP/cIa 1 and 2 is inserted. The vector Ad-CMV- 
hcTK can be propagated and produced in 911 cell using standard procedures. This vector te grown and propagated 
exclusively as a source of DNA used for transtectlon. DNA of the adenovirus Ad-CMV-hcTK is isolated from virus 
particles that had been purified using CsCI density-gradient centrifugation by standard techniques/The virus DNA has 
40 been digested with restriction endonudease Clal. The digested DNA is size-fractionated on an 0^% agarose gel and 
the large fragment is isolated and used for further experiments. Cultures of 911 celte are transfected^ ^the large C al- 
fragment of the Ad-CMV-hcTK DNA using the standard calcium phosphate co-precipltatlon technique. Much Hke In me 
previous experiments with plasmid pICLhac. the AD-CMV-hc will replicate starting at the ngW-hand ITR ^Oncel the 
"-strand is displaced. a hairpin can be formed at the left-hand terminus of the fragment.Th.s facihtates «"« Copolymer- 
45 ase to elongate the chain towards the right-hand-side. The process will proceed until the displaced strand is complete* 
Averted fo to double-stranded form. Final* the right-hand ITR wi.l be recreated and .n ^^^^ 
adenovirus replication-initiation and elongation will occur. Note that the polymerase wil read through the hairpin, there- 
by duplicating the molecule. The input DNA molecule of 33250 bp. that had on one side an adenovirus ITR 
and at the other side a DNA sequence that had the capacity to form a hairpin structure, has now been d«P'^ted to 
a way that both ends contain an ITR sequence. The resulting DNA molecule will consist of a palindromic structure of 

m^nS^^ be detected In low-molecular weight DNA extracted from the transfected celte uslnj .South- 
ern analysis. The palindromic nature of the DNA fragment can be demonstrated by digestion of the > 
weight DNA with suitable restriction endonudeases and Southern blotting with the HSV-TK gene as the probe This 
molecule can replicate itself in the transfected cells by virtue of the adenovirus gene products that are present the 
cells In part, the adenovirus genes are expressed from templates that are integrated in the genome of the targe cells 
fviz the El gene products), the other genes reside in the replicating DNA fragment itself. Note however, that tha linear 
ONAVragment cannot be encapsidated into virions. Not only does it lack all the DNA sequences required tor encapsi- 
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dation, but also ts its size much too large to be endapsidated. 

1.4 Demonstration that DNA molecules which contain nucleotides 3503 - 35953 (viz. 9.7 - 100 map units) of the 
adenovirus type 5 genome (thus lack the E1 protein-coding regions, the right-hand ITR and the encapsidation 
sequences) and a terminal DNA sequence that is complementary to a portion the same strand of the DNA molecule 
other than the ITR, and as a result is capable of forming a hairpin structure, can replicate in 911 ceOs and can provide 
the helper functions required to encapsidate the pICLI and pICLhac derived DNA fragments. 

[0120] The next series of experiments aim to demonstrate that the DNA molecule described in part i.3 could be 
used to encapsidate the minimal adenovectors described in part 1 .1 and 1 .2. 

[0121] In the experiments the large fragment isolated after endonuclease Clal-digestion of Ad-CMV-hcTK DNA is 
introduced into 911 cells (conform the experiments described in part 1 .3) together with endonuclease Sail, mungbean 
nuclease, endonuclease Asp71 8-treated plasmid pICLhac, or as a control similarly treated plasmid pICLhaw. After 48 
hours virus is isolated by freeze-thaw crushing of the transfected cell population. The virus-preparation is treated with 
DNasel to remove contaminating free DNA. The virus is used subsequently to infect Rat2 fibroblasts. Forty-eight hours 
post infection the cells are assayed for luciferase activity. Only in the cells infected with virus isolated from the cells 
transfected with the pICLhac plasmid, and not with the pICLhaw plasmid, significant luciferase activity can be demon- 
strated. Heatinactivation of the virus prior to infection completely abolishes the luciferase activity, indicating that the 
luciferase gene is transferred by a viral particle. Infection of 911 cell with the virus stock did not result in any cytopatho* 
logical effects, demonstrating that the pICLhac is produced without any infectious helper virus that can be propagated 
on 9 1 1 cells. These results demonstrate that the proposed method can be used to produce stocks of minimal-adenoviral 
vectors, that are completely devoid of infectious helper viruses that are able to replicate autonomously on adenovirus- 
transformed human cells or on non-adenovirus transformed human cells. 

[01 22] Besides the system described in this application, another approach for the generation of minimal adenovirus 
vectors has been disclosed in WO 94/1 2549. The method described in WO 94/1 2649 exploits the function of the protein 
IX for the packaging of minimal adenovirus vectors (Pseudo Adenoviral Vectors (PAV) in the terminology of WO 
94/12649). PAVs are produced by doning an expression plasmid with the gene of interest between the left-hand (In- 
cluding the sequences required for encapsidation) and the right-hand adenoviral ITRs. The PAV is propagated in the 
presence of a helper virus. Encapsidation of the PAV is preferred compared the helper virus because the helper virus 
is partially defective for packaging. (Either by virtue of mutations in the packaging signal or by virtue of its size (virus 
genomes greater than 37.5 kb package inefficiently). In addition, the authors propose that in the absence of the protein 
IX gene the PAV will be preferentially packaged. However, neither of these mechanisms appear to be sufficiently re- 
strictive to allow packaging of only PAVs/minimal vectors. The mutations proposed in the packaging signal diminish 
packaging, but do not provide an absolute block as the same packaging-activity is required to propagate the helper 
virus. Also neither an increase in the size of the helper virus nor the mutation of the protein IX gene will ensure that 
PAV is packaged exclusively. Thus, the method described in WO 94/12649 is unlikely to be useful for the production 
of helper-free stocks of minimal adenovirus vectors/PAVs. 
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2 ^SS^SS£ \T£sl ot adenovirus 5 in transf0fTn€d ce,te ' as revea,ed by jnteraction wlth ™ : 

Table I 

Primers used for PCR amplification of DNA fragments used 
for generation of constructs described in this patent 
application. 



Ea - 1 CCTCTACTCTATTTATACCCC 

Ea - 2 TCCTCACTCCCTCGAAACCCA 

Ea-3 TACCCCCCGTCCTAAAATGGC 

Ea - 5 TCCACTTGACCTCTAA ACCC 

Ep • 2 CCCTCCaiCSACCTCACATCT 

Eb - 1 G CTTC AG C CCS AG AC ATCTC 

Eb - 2 CCCC^CSfifiCTCAATCTGTATCTT 

SV4 0 - 1 GCCGCiXCCGAACTTCrTTATTGCAGC 



SV4 0 - 2 GGGaGiZCXAGACATGATAAGATAC 
Ad 5 - 1 GGGaC&ICZGTACTCAAATCTCTGGCC 



Ad5-2 
ITR1 



GGAGGCrCCACTCTCCAACGGCGT 
SGGGSaZCCTCAAATCGTCACTTCCGT 



ITR2 GGCGICTAGACArCATCAATAATATAC 



PCR amplification Ad5 nt459 -> 
PCR amplification Ad3 nt960 <• 
ntl264-13Q4 of AdS genome 
ntl514-lS53 of Ad 5 gsnomt 

ntl721-1702 of Ad5; 
introduction of NcoX site 
nt326r-3289 of AdS genome 
nt350B-3496 of AdS genome; 
introduction of XhoX site 
Introduction samHX site 
<nt2182-2199 Of pULP . TK ) 
adaption of 'ecombinant 
adenoviruses 
Introduction Bglll site 
<nt2312-2297 of pMLP. TK) 
Introduction 3glXX site 
:nt2495-25l4 3f pHLP.TK} 

nt277C- 2 7S6 zi PULP . TK 

nt35737-35757 of AdS 

(introduction of BamHX site) 

nt35935-35919 of AdS 

(introduction of Xbsl site) 



(0124] PCR primers sets to be used to create the Sail and Asp718 sites juxtaposed to the ITR sequences. 



PCR/KLP I GGCGAATTCGTCGACATCATCAATAATATACC 



(AdS nt. 10-18) 



PCR/MLP2 CGCCAATTCGGTACCATCATCAATAArATACC 



(AdS nt. 10-18) 
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PCR/KLP2 CTGTGTACACCGGCCCA 

(Ad3 nr. 300-164) 

I0125J Synthetic ofigonucleotide pair used to Generate a ^ • . 

termini if inserted in Asp7l 8 site: V ettC ^"P" 1 ' recre «<* an Asp7l a site at one of the 

HP/aspl ^-CTACACTCACCTACTCCCCCCCCCCCAAACCCCCGGCCGCACTACCT^ 

HP/., P 2 5' • ^ACCTGACCTAGTGCCGCCCCGCCTTTGCCCCCCCSGCACTACGTCAGT 
[0126J Synthetic oligonucleotide pair used to Generate a ^nfh-tu h - 

used for hairpin formation. 9 6 8 s y nthet,c na "P'". contains the Clal recognition site to be 

HP/clal 5 ' -CTACATTGACCTAGTGCCGCCCGGGCAAACCCCGGGC3GCACTAGGICAATCGAT 
HF/cl*2 -GrACATCGATTGACCTAGTGCCGCCCCGCCrTTGCCCSGGCGGCACTAGGICAAT 
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Claims 



10 



13 



43 



SO 



1 . A packaging system comprising: 

S * tafl££Z SyStem aCCOrdi " 9 ,0 ^ 4 ' Where ' n " ,d M «* ™*«* ■" 'verted Termina. Repeat at 
• 6 " SSSAK aCC0, " in9 10 C,ab " 1 1 ^ SaW PaCk39in9 C0mprises a " uctete — — a 

9 ' ^S?,^^ a !! 0 ? lin9 [° C,aim Wh6rein s * id P^Sing cell has been provided with one or more oack- 

10. A Packaging system according to claim 9. wherein said one or mora packaging nucleic acid molecules further 
provide said ce« with the abiiity to express adenovirai gene products derived fJn £ STSgton 

reM^ ,ha — binant " uc(ate a <* — *» - *a 

1 ^IS^SSSr If?" 1 '? 9 f ° C ^ 10w,1 -^ e « ,n »«^^'nantnucleic acid molecule encoding the E2A 
reg.on is mutated so that at least one of its products is temperature sensitive. 

13 ' prod 3 ^ 91 " 9 SyS,em 8CCCfd,n9 f ° ° ,aim 9> Wherei " Sa ' d Packa9ins 0611 does not have » e abi «y "> «P~ss E1B 

14. A packaging system according to ciaim 13, wherein the genetic information encoding E1B products is not present. 

15. A packaging system according to claim 9. wherein said packaging cel. further comprises the region coding forEIB. 

16. A packaging system according to ciaim 9. wherein said packaging cell further comprises a maricer gene. 



23 



EP 0 833 934 B1 

17. A packaging system according to claim 16, whereby the marker gene is under control of the E1B responsive 
promoter. 

18. A packaging cell harbouring a DNA fragment of an adenovirus, that fragment consisting of nucleotides 80-5788 
of the human Adenovirus 5 genome. 

1 9. A packaging cell harbouring a DNA fragment of an adenovirus, that fragment consisting of nucleotides 459-1 71 3 
of the human Adenovirus 5 genome. 

20. A packaging cell harbouring a DNA fragment of an adenovirus, that fragment consisting of nucleotides 459-3510 
of the human Adenovirus 5 genome. 

21. A packaging system according to claim 9, wherein said packaging cell does not have the ability to express the 21 
kD E1 B product. 

22. A packaging system according to claim 21, wherein the genetic information encoding the 21 kO E1B product ia 
not present in said packaging cell. 

23. A packaging system according to anyone of claims 9-17, 21 or 22, wherein said packaging cell is a diploid cell. 

24. A packaging system according to anyone of claims 9-17 or 21-23, wherein said packaging cell is of non-human 
origin. 

25. A packaging system according to anyone of claims 9-1 7 or 21 -24, wherein said packaging cell is of monkey origin. 

26. A cell according to claim 18 as deposited under no. 95062101 at the ECACC. 

27. A packaging system according to anyone of claims 1 -1 7 or 21 -25, wherein said recombinant nucleic acid molecule 
is a DNA molecule. 

28. A packaging system according to claim 1 , wherein said recombinant nucleic acid molecule has at least a deletion 
of nucleotides 459-351 0 of the El region. 

29. A packaging system according to claim 1 , wherein said recombinant nucleic acid molecule has at least a deletion 
of nucleotides 459*1713 of the E1 region. 

30. A batch of recombinant adenovirus particles produced by a packaging system according to anyone of claims 1 -1 7. 
21 -25 or 27-29, which batch is f ree of replication competent particles. 

31. A ceil comprising a packaging system according to anyone of claims 1-17. 21-25 or 27-29. 

32. A packaging system according to anyone of claims 1-3, wherein said nucleic acid molecule comprises functional 
E2A and E2B genes or functional fragments or derivatives thereof under control of an El A independent promoter. 

33. A packaging system according to claim 25, wherein said packaging cell comprises a host range mutated E2A 
region of an adenovirus. 

34. A ceil according to claim 20 as deposited under no. 96022940 at the ECACC. 

35. A packaging celi for packaging adenovirus derived nucleic acid molecules, which packaging cell has been provided 
with one or more packaging nucleic acid molecules, said nucleic acid molecules or nucleic acid molecules providing 
said cell with the ability to express adenoviral gene products derived from at least both the E1 A and the E2A region, 
wherein the recombinant nucleic acid molecule encoding the E2A region is mutated so that at least one of its 
products is temperature sensitive. 

36. A packaging system according to claim 1 , wherein the genome of said packaging cell comprises nucleic acid that 
encodes adenoviral El A and E1B proteins but lacks pIX sequences. 
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iSSSl ZEST""" ^ ^ 36 ' Wher6in Said PaCka9i " 9 Ce " iS a PER C6 <*« as deposited under no. 
PatentansprQche 

1. Verpaekungssystem, umfassend: 

ein rekombinantes Nucleinsauremo.ekul. das auf einem Adenovirus beruht Oder davon abgeleitet 1st wobei 
Terminal Repeat Oder em funkt.onelles Fragment oder Oerivat davon aufweist; und 

meniSlS^ 5 ! 61 ' 8 - Z™?* rek J 5mb,nan,e Nucle.nsaure und die Verpackungszelle zusammen alle Ele- 
ment* umfassen, die notwend.g sind, urn ein rekombinantes adenovirals Partikel. das das rekombiname 

ZESZZZ^^IT- 2U e ? eU9en ' W ° belda8 < M ™° NucleinsauremolekO. keine fl£££ 
den Sequenzen au^est. d.e e.ne homologe Rekombination. die zu einem replikationskompetenten vSs m 
der Verpackungszelle fOhrt. ermdglichen wurden. »««ipewnwn virus m 

2. Verpaekungssystem gemaS Anspruch 1 , wobei das Nucleinsauremolekfll in linearer Form vortiegt und einen In- 
verted Terminal Repeat an beiden Termini oder in deren Nahe umfasst. 

3. Verpaekungssystem gemaB Anspruch 1 . wobei das Nudeinsauremolekiil in linearer und im WesenUichen einzel- 
stranger Form vortiegt und am 3'-Terminus eine Sequenz umfasst. die komp.ementar zu eine^ 
gelegenen Te. dessetoen Strangs des Nucteinsauremo.ekOte 1st. wobei die Sequenz In der LagTJ S™B^e£ 
m^re^ne^kTn " S °' Chen e '" n2u9ehan - dass sfe ab * eine JKSSSj 

*' E em a ' ^ T I rek " mb ' nameS Nuc '"""sauremolekCi umfasst. welches aus der Einwirkung einerNu- 

tSSZXZSL"" NuCte, " SaufemeleW31 —•■«. von einem VerpackungssyJm gemaB 

S * drTe C OTinSelTt 9ema0 A " SP ~ Ch *' Nuc,einsauremolek »' «™P '"verted Terminal Repeat an bel- 

6. Verpaekungssystem gemafl Anspruch 1 . wobei die Verpackungszelle ein NudeinsSuremolekQI mlt einer Wirtsbe- 
retcnmutation umfasst. 

? " «T a f "rf Q SyS,em Se ? M A T SpaJCh 1 • WObei die Vef P*=kungszelle ein Nucleinsauremolekfll umfasst. das eine 
mutferte E2-Region umfasst. die wenigstens eines seiner Produkte temperaturempfindllch macht. 

8. Verpaekungssystem gemafl Anspruch 1 . wobei die Verpackungszelle ein Nucleinsauremolekfll umfasst das eine 
E2-RegionunterderKontrolle eines induzierbaren Promotors umfasst. 

9. Verpaekungssystem gemafl Anspruch 1 . wobei die Verpackungszelle mit einer oder mehreren Verpackungsnu- 
cleinsauremolekulen versehen let. die der Zelle die FShigkeit verteihen. adenovirale Genprodukte. die wenigstens 
von der El A-Region abgeleitet sind, zu exprimieren. 

10. Verpaekungssystem gemaB Anspruch 9, wobei das eine oder die mehreren Verpackungsnucleinsauremolekule 
der Zelle we.temin die Fahigkeit verteihen. adenovirale Genprodukte. die von der E2A.Region abgeleitet sind zu 
exprmieren. * ' 

1 1 . Verpaekungssystem gemafl Anspruch 1 0. wobei sich das mkombinante Nucleinsauremolekfll, das die E2A-Region 
codiert. unter der Kontrolle eines Induzierbaren Promoters befindet 

12. Verpaekungssystem gemaB Anspruch 10 oder 11. wobei das rekombinante Nucleinsauremolekfll. das die E2A-Re- 
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gion codiert, so mutiert ist dass wenigstens eines seiner Produkte temperaturempfindlich ist 

13. Verpackungssystem gemSB Anspruch 9, wobei die VerpackungszeUe nicht die FShlgkeit hat, EIB-Produkte zu 
exprimieren. 

5 

14. Verpackungssystem gem£8 Anspruch 13, wobei die genetische information, die E1 B-Produkte codiert, nicht vor- 
handen ist 

15. Verpackungssystem gemSB Anspruch 9, wobei die VerpackungszeUe weiterhin die Region umfasst die fur E1B 
to codiert. 

16. Verpackungssystem gemaB Anspruch 9, wobei die VerpackungszeUe weiterhin ein Marker-Gen umfasst 

17. Verpackungssystem gemaS Anspruch 16, wobei sich das Marker-Gen unter der Kontrolle des ElB-induzierbaren 
15 Promotors befindet 

1 6. VerpackungszeUe, die ein DNA-Fragment eines Adenovirus behe/bergt, wobei das Fragment aus den Nucleotiden 
80-5788 des Genoms des humanen Adenovirus 5 besteht. 

20 1 9. VerpackungszeUe, die ein DNA-Fragment eines Adenovirus beherbergt, wobei das Fragment aus den Nucleotiden 
459-1713 des Genoms des humanen Adenovirus 5 besteht 

20. VerpackungszeUe, die ein DNA-Fragment eines Adenovirus beherbergt, wobei das Fragment aus den Nucleotiden 
459-3510 des Genoms des humanen Adenovirus 5 besteht 

25 

21 . Verpackungssystem gemAB Anspruch 9, wobei die VerpackungszeUe nicht die Fdhigkeit hat, das 21 -kD-E 1 B-Pro- 
dukt zu exprimieren. 

22. Verpackungssystem gemaB Anspruch 21 , wobei sich die genetische information, die das 21 -kD-E1 B-Produkt co- 
30 diert, nicht in der VerpackungszeUe befindet 

23. Verpackungssystem gemaB einem der Anspruche 9-17, 21 Oder 22, wobei die VerpackungszeUe eine diptoide 
Zelieist 

35 24. Verpackungssystem gemaB einem der Anspruche 9-17 oder 21-23, wobei die VerpackungszeUe nichthumanen 
Ursprungs ist. 

25. Verpackungssystem gemaB einem. der Anspruche 9-1 7 Oder 21 -24, wobei die VerpackungszeUe von einem Affen 
stammt 

40 

26. Zelle gemaB Anspruch 18, die bei der ECACC unter der Nr. 95062101 hinteriegt ist 

27. Verpackungssystem gemSB einem der Anspruche 1-17 Oder 21 -25, wobei das rekombinante NucteinsauremolekOI 
ein DNA-Molekul ist 

45 

28. Verpackungssystem gem£B Anspruch 1 , wobei das rekombinante NucieinsduremolekOI wenigstens eine Deletion 
der Nucleotide 459-3510 der E1 -Region aufweist 

29. Verpackungssystem gemaB Anspruch 1 , wobei das rekombinante Nucleinsauremolekul wenigstens eine Deletion 
50 der Nucleotide 459-1 71 3 der El -Region aufweist 

30. Charge von rekombinanten Adenoviruspartikeln, die durch ein Verpackungssystem gemaB einem der Anspruche 
1-17, 21-25 oder 27-29 erzeugt wurden, wobei die Charge fret von repiikationskompetenten Partikein ist 

33 31 . Zelle, die ein Verpackungssystem gemaB einem der Ansp niche 1 -1 7, 21 -25 oder 27-29 umfasst. 

32. Verpackungssystem gemaB einem der Anspruche 1 -3, wobei das Nucleinsauremolekul funktionelle E2A- und 
E2B-Gene oder funktionelle Fragmente oder Derivate davon unter der Kontrolle eines ElA-unabhangigen Pro- 
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motors umfasst 



33 issssKxr -8 An8pruch 251 wobei die - E2A . Region e , 

34. Zelle gemaD Anspruch 20. die bel der ECACC unter der Nr. 96022940 hinterlegt ist 

35. Verpackungszelle zum Verpacken von Nueieinsauremolekulen. die von Adenovirus abaeleitet sind woh«.i Hi. u , 
P**»"9«ellemiteinemoderri*hre^ 

£a *H£ * U : r ^ E2A - R€9i0n ab9e ' ei,et Sind - wobei ^ombTnante t!£S£2mZZ 
E2A-Reg,on codiert. so mut,ert ist. dass wenigstens eines seiner Produkte temperament nd^J - 

SKTS^S^ST 3 * WObeidie P ^ «-2e, te ia, dre bei der ECACC 

M - sstssiw xxtr Nuc,cinsaure * a ™ «* und 



Revendicatlons 

1. Systeme cfempaquetage comprenant : 



une molecule tf acide nucleique recombinant basee sur ou derlvfie cfun adenovirus, ladite molecule cfacide 
nucie.que ayant un s gnat efencapsidation fonctionne. et au moins une sequence repetee Inverse? emSte 
ou un fragment fonctionnel ou son derive, et mversee terminate 

™JIH ,e t tfe 7 a !^ te9e ' aCWe nUCl6ique recombina "« « ladite cellule cfempaquetage comprenant 
ensemble tous les elements qui sont necessaires pour engendrer une particule adenovirals fne~nMn.ni. 
comprenant ladite molecule cfacide nucleique recombinant. ou .adite Z^t^Z^^SS^ 
prfsent. aucune sequence de chevauchement qui permet une recombinaison homotegue danJ SeceZ 
d empaquetage conduisant & un virus capable de replication. 

Systeme cf empaquetage selon la revendication 1. dans lequel ladite molecule d'acide nucleique est sous une 
forme hneaire et comprend une sequence repetee inverses terminate au niveau ou pr£» T STdSL Z*Z 



3. 



Systems cfempaquetage selon la revendication 1. dans lequel ladite molecule d'acide nucleique est sous une 
forms lineaire et essent.ellement a simple brin et comprend a la terminaison 3' un. sequence Seme^tai ! 
une parte amont du m 6 me brin de ladite molecule cfacide nucleique. ladite sequenc? etant <^teXp^er 

CeSoonl 6 m0teCU ' e <fadde nUC,e,qUe C ° n ' enue P3r U " SyS,feme ^Pa^etage seton la re- 

** Sfifi" 6 d ' em P a< > ue,a 9 e , selon ,a wendication 4. dans lequel ladite molecule cfacide nucleique a une sequence 
repetee inversee teiminale e ses deux terminaisons. ^ 

6. Systeme d'empaquetage selon la revendication 1. dans tequel ladite cellule cfempaquetage comprend une moW- 
cule cfacide nucleique avec une mutation de domaine de fhite. compreno une mote 

? ' JX5". J'T Cta9e Se '° n 13 revendicati0 " 1 • 'adite cellule cfempaquetage comprend une mole- 

cule d-ac.de nucie.que comprenant une region E2 mutee rendant au moins fun de ses produits sensible S!ateX 
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perature. 

8. Systeme d'empaquetage selon la revendication 1 , dans lequet ladite cellule d'empaquetage comprend une mold* 
cule d'acide nucleique comprenant une region E2 sous le contrite d'un promoteur inducible. 

5 

9. Systeme d'empaquetage selon la revendication 1 , dans lequel ladite cellule d'empaquetage a ete munie cTune ou 
de plusieurs molecules d'acide nucleique d'empaquetage qui donnent a ladite cellule la capacite d'exprimer des 
produits geniques adenoviraux derives o"au moins la region E1A. 

10 1 0. Systeme d'empaquetage selon la revendication 9, dans lequel ladite ou lesdites molecules d'acide nucleique d'em- 
paquetage donnent a ladite cellule la capacite d'exprimer des produits geniques adenoviraux derives de la region 
E2A. 

11. Systeme d'empaquetage selon la revendication 10, dans lequel la molecule d'acide nucleique recombinant codant 
»5 la region E2A est sous le contrdle d'un promoteur inducible. 

12. Systeme d'empaquetage selon la revendication 10 ou 11 , dans lequel la molecule d'acide nucleique recombinant 
codant la region E2A est mutee de sorte qu'au moins Pun de ses produits est sens to le a la temperature. 

20 13. Systeme d'empaquetage seion la revendication 9, dans lequel ladite cellule d'empaquetage n'a pas la capacite a 
exprimer des produits E1 B. 

14. Systeme d'empaquetage selon la revendication 13, dans lequel les informations genetiques codant des produits 
E1 B ne sent pas presentes. 

25 

15. Systeme d'empaquetage selon la revendication 9, dans lequel ladite cellule d'empaquetage comprend de plus la 
region codant pour E1 B, 

16. Systeme d'empaquetage selon la revendication 9, dans lequel ladite cellule d'empaquetage comprend de plus un 
30 gene marqueur. 

17. Systeme d'empaquetage selon la revendication 16, par lequel. le gene marqueur est sous contrdle du promoteur 
sensible a E1B. 

35 18. Cellule d'empaquetage abritant un fragment d'AON d'un adenovirus, ce fragment se composant des nucleotides 
80-5788 du genome de P Adenovirus 5 humain. 

19. Cellule d'empaquetage abritant un fragment d'AON d'un adenovirus, ce fragment se composant des nucleotides 
459-1713 du genome de P Adenovirus 5 humain. 

40 

20. Cellule d'empaquetage abritant un fragment d'AON d'un adenovirus, ce fragment se composant des nucleotides 
459-3510 du genome de ('Adenovirus 5 humain. 

21. Systeme d'empaquetage selon la revendication 9, dans lequel ladite cellule d'empaquetage n'a pas la capacite* a 
45 exprimer le produit E1 B de 21 kD. 

22. Systeme d'empaquetage selon la revendication 21 , dans lequel les informations genetiques codant le produit E1 8 
de 21 kO ne sont pas presentes dans ladite cellule d'empaquetage. 

50 23. Systeme d'empaquetage selon une quelconque des revendications 9-1 7, 21 ou 22, dans lequel ladite cellule d'em- 
paquetage est une cellule diptoide. 

24. Systeme d'empaquetage selon une quelconque des revendications 9-1 7 ou 21 -23, dans lequel ladite cellule d'em- 
paquetage est rforigine non humaine. 
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25. Systeme d'empaquetage selon une quelconque des revendications 9-1 7 ou 21 -24, dans lequel ladite cellule d'em- 
paquetage a pour origine le singe. 
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26. Cellule selon la revendication 16 telle que deposee sous le numero 95 062 101 aupres de IECACC. 

2? ' l^i™ tfempaquetage selon une quelconque des revendications 1-17 ou 21-25. dans lequel ladite molecule 
tfacide nucleique recombinant est une molecule tfAON. molecule 

M * TrltT tfempaque ' a j» e se,on ,a indication 1 . dans lequel ladite molecule tfacide nucleique recombinant pre- 
senteau moms une deletion des nucleotides 459-3510 de la region El. . P ^ 

29. Systeme tfempaquetage selon la revendication 1 . dans lequel ladite molecule d'acide nucleique recombinant oia- 
io sente au moms une deletion des nucleotides 459-1 71 3 de la region El . recomoinant pre- 

30. Lot de parfcules tfadenovfrus recombine produit par un systeme tfempaquetage selon une quelconque des re- 
vendicauons 1-17. 21-25 ou 27-29. lequel lot est exempt de particules capables de replication 

« 31 . Cellule comprenant un systeme tfempaquetage selon une quelconque des revendications 1-1 7. 21 -25 ou 27-29. 
M * nSf,™T!L 8 < ?!i e,aB ! Seto " " ne V-icornvm des revendications 1-3. dans lequel ladite molecule tfacide nu- 

to 

^ 34. Cellule selon la revendication 20 telle que deposee sous le numero 96 022 940 aupres de I'ECACC. 

36. Cellule tfempaquetage pour empaqueter des molecules tfacide nucleique derlvees tfadenovlrus laouelle cellule 
tfempaquetage a ete munie tfune ou de p.usieurs molecules tfacide nucleique tfenpaquia^S £S£S 
tfaade nucleique ou lesdites molecules tfacide nucleique donnant a ladite cellule la capecite 2eSw 

recomb.nantcodantlai*g,onE2Aestmuteedeso»teqtfaumolnsl'und.sesproduitseslsensto 

36 ' fSSTl f T q f 9 * "I"" 18 revendication 1 dans 'e genome de ladite cellule tfempaquetage com- 
prend un ac.de nucleique qui code des proteines E1A et E1B adenoviral male est depourvu de sequences"!? 

* rfempaqueta 9 e se,on la «ve"«lfcation 36. dans lequel ladite cellule tfempaquetage est une cellule PER 

C6 telle que dlposee sous lenum6ro 96 022 940 auprts de CECACC. «» ceiiuie rtn. 

M ' ^T^f 6 ^* 69 ?" qU ' el,e comp,end dans «" Senome un acide nucleique qui code des proteines E1A et 
El B adenovirals mais est depourvu de sequences pIX. p^nes eixn 



so 
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Figure 7 , 

Western blotting analysis of A549 clones transfected with pIG.ElA.NEO 
and PER clones (HER cells transfected with pIG.ElA.ElB) 
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Figure 8 

Southern blot analyses of 293. 911 and PER cell lines 



PER 



293 911 d c3 c4 c5 c6 c8 c9 M 




2.027 
1.900 



39 



EP 0 833 934 B1 



Figure 9 

' Transfection efficiency of PER.C3. PER.C5, PER.C6 and 911 cells. 
CeUs were cultured in' 6- well plates and transfected (n=2) with 5 Jig 
pRSV.lacZ by calcium-phosphate co-precipitation. Forty-eight hours later 
the cells were stained with X-GAL. The mean percentage of blue cells is 
shown. 
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Figure 10. 

Construction of pMLPl.TK from pMLP.TK 
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Figure 13 
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Replication of Adenovirus 
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Figure 14 
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5 ' -GrACACrGAC=?ACTGCCGCCCGG5CA 

. 1JJLJL ' '1IJLJL1' '"I a 

3 -v»«TCACGGCGGGCCCGA 



Fig IS. The potential hairpin conformation of . , 

te ccncains ttc w/asp s :; n -j 

P ? ?ICLha " " n " inin * annealed oligonucleotide P a<- 

HP/aspi en H*,as ?2 will yield a linear couble-stranded DNA 
fragment. In cells in which the reguired adenovirus geneTar. 
preset, replication can initiate at the terainus toat eMMiBS 
the IT* seguence. During the chain elongation, the one of the 

iiz? : be dispiaced - T * e cenainua °< «- «^-«^:« 

!k"! " ! " leCUle C " ad ° Pt °" depicted 

above. In th« conformation the free 3-terminus can serve a. a 

prxner for the cellular and/or adenovirus o»A polv« e rase 
resulting in conversion of the displaced strand in a double* 
stranded fora. 



Figure 15 
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Figure 16 
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Figure 17 
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5807. £*il 
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Figure 18 
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Figure 19 
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NAME: pICL 5S20 BPS OKA CIHCUX-AR UPDATED 5/01/55 
DESCRIPTION* I x AdS-XTft. CMV-luci* erase. Biaiael veceor 
SEQUENCE: scqumct based on che on available information: 

CP&scr«::::sas verified by restriction inryme digests: 
Stquenci zi regions derived frca amplified DKA vtrified by sequence 
analyses 

• • • SEQUENCE - • • 
1 CATCA7CAAT AATATACCTT ATTTTCSATT CAACCCAATA* TCATA ATCAC u~~.-CAS7 

ci ntrrsACcrc ccscckccg tcgcaacsss ccssctcacs tactactctc cx^saactct 

121 CAT3TT5CAA CTCTCCCCGA ACACAT5TAA CCSA CSSATC 7SGCAA A A CT CA i-- . , . *T C 

181 CTtrrGCCCCC GTCTACACAG CAACTCACAA TTTTC3CGCS CtTTTASGCC CATSTTCTWG 

241 TAAATTT3GS CC7AACCCAC TAACATTTGC CCAT7TTCCC SSSAAAAC7S AATAAGAG3* 

3d AcrsAA^rrr caataatttt CTCTTACTCA TASC SCCTAA 7ATTTCTCTX ccscc cgc s 

3 61 CACTT^ACC CITTACCTCG ACACTCSCCC AS rTCAGCTCTT ITCCC^glTC 

421 CGGC7CAAAS TTSSC GmT ATTATTATAC TCASCGCCTG CAGS7C5TTA CATAACTTAC 

"461 OSTAAAtCSC CCCCCTCGCT SACCCCCCAA CCACCCCCCC CCATTC ACGT CAATAATCAC 

541* cTATcrrcrc atactaaccc caatacccac tttccattca cstcaatccss tcgactattt 

601 AC5C7AAACT CCCCACTTCC CACTACATCA ACT3TATCAT ATCCCAAGTA C CCCCCCTA T 
661 TCACCTCAAT CACCCTAAAT GCCCZZZZ7Z CCATTATCCC CACTACATOA CTTTATCgA 

T21 rrrrrrrACT tgscagtaca tctacctatt actcatccct attac catss tc# %TCww ^ 

7 81 TTSSCA5TAC ATCAATCCGC GTCGATAGCG CT7TCACTCA CCCGSATTTC CAASTCTCCA 
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841 CCCCATTCAC CTCAATCCSA CTTTSTTTTC CCACCAAAAT CAACGGCACT TTCCAAAATC 
901 TCGTAACAAC TCCCCCCCAT TCACCCAAA7 GGGCGCTAGG CCT3TACCCT C5GAGCTCTA 
961 TATAAGCAGA CCTCCTITAG TCAACCCTCA CATCGCCTCC ACACCCCA7C CACCCTCTTT 
1021 TCACCTCCAT AGAAGACACC CGCACCCATC CACCCTCCCG ACTTTACAGG ATCCGCTACT 
1081 CCAGCAACTG AAAAACCACA AAG77AACTC C7AACTTTAC gCTTSTrSTC TTTTATTTCA 
1141 GCTCCCGGAT CCGGTCC7CC TCCAAATCAA ACAACTCCTC CTCACTCCAT GTTCCCTTTA 
1201 CTXCTACTAT CAAGCTTGAA TTCCTITCTC TTACATTCTT CAATCTCCCT CCCACTCACA 
1261 T7AGCATTCC CCTACT C TTC CTAAAATGGA AGACCCCAAA AACATAAAGA AACCCCCCCC 
1321 CCCATTC7AT CCTCTACACG ATCCAACCCC TCGAGAGCAA CTCCATAACS CTATCAACAC 
12 SI ATACCicCCTC GlTCCTGCAA CAATTUCTTT TACACATCCA CATATCGAG3 TCAACATCAC 
1441 CTACCCCGAA TACTTCCAAA rilLCLTrm CTTCCCACAA CCTATCAAAC CATATCCGC^ 
1501 CAAT ACAAAT CACACAATCC TCGTA7CCAG 7X3AAAACTCT CTTCAATTCT TTATCCCCCT 
1561 GTTGCGCGCC TTATTTATCC GAGTTCCAGT 'TCCGCCCGCC AACCACA7TT ATAATCAACC 
1621 TCAA T IU^IV AACACTATCA ACATTTCCCA GCCTACCCTA CTCTTTC7ST CCAAAAAGGS 
1631 CTTCCAAAAA ATTTTGAACC TCCAAAAAAA ATTACCAATA ATCCA5AAAA TTATTAT" "AT 
1741 CCATrCTAAA ACCCATTACC AGGGATTOCA CTCCATCTAC ACCTTCCTCA CATCTCATCT 
1801 ACCtCCCCCt TTTAATCAAT ACCATTHCT ACCAGACTCC TTTCATCSTG ACAAAACAAT 
1861 TCCACTCATA ATCAATTCCT CTCCATCTAC TCGGTTACCT AAGGCTGTCG CCCTTCCGCA 
1921 TACAACTCCC TCCC TCAC AT TCTCCCATCC CAGAGATC3T ATTTXTCCCA ATCAAATCAT 
1981 TCCCCATACT CCCATTTTAA CTCTTS7TCC ATTCCATCAC GCTXTTGSAA TCTTTACTAC 
2041 ACTCCC ATAT TTCATATCTC GATTTCGACT CCTCTTAATG TATAGA7TTC AACAACACCT 
2101 CTTTTTACGA TCCCTTCACS ATTACAAAAT TCAAACTCCC TTCCTACTAC CAACCCTATT 
2161 TTCATTCTTC CCCAAAACCA CTCTCATTCA CAAATACCAT TTATC7AA7T TACACCAAAT 
2221 7CCTTCTGCG CCCCCACCTC 7TTCCAAACA AGTCGCGCAA GCGCTIGCAA AACCCTTCCA 
2281 TCTTCCAGCC ATACCACAAC CATATCGCC7 CACTCACAC7 ACATCACC7A TTCTCATTAC 
2341 ACCCG AGGCG CAttGATAAAC CGGCCGCCC7 CGGTAAACTT GTTCCArTTT TTCAACCCAA 
2401 GGTTGTCCAT CTCSATACCG GGAAAACGCT GGGCGTTAAT CACACASSCS AATTAT U T C T 
2461 CACACCACCT ATCATTATC? CCCCTTATCT AAACAATCCC GAACCCACtA ACCCCTTCAT 
2S21 TCAC AACCAT CCATCGCTAC ATTCtWAGA CATACCTTAC TCG3ACCAAG ACCAACACTT 
2581 CTTCATACTT CACCGCTIGA AGTCTTTAAT, T AAATAC AAA GGATATCAGG TCCCCCCCGC 
2 641 TCAATTCGAA TCCATATTCT TACAACACCC CAACATCTTC GACCCGCGCG TGCCAGC7CT 
2701 TCCCCACCAT CACCCCCCTC AACrTCCCGC CCCCCTTOTT CTTTTCCACC ACCCAAAGAC 
2761 CATCACGCAA AAACAGATC5 TCCATTACC7 CCCCACTCAA CTAACAACrS CCAAAAAGTT 
2821 GCCCGGAGCA CTTCTGTT7C- TGCACCAAGT ACCGAAAGCT CTTACCCSAA AACTCCACGC 
2881 AACAAAAATC AGAGAGATCC TCATAAACSC CAAGAACGGC GCAAAG7CCA AATTCTAAAA 
2941 TCTAACTCTA TTCAGCCATC ACCAAAT7C7 TAGCTATTCT AATC3GSGAT CCCCAACTTO 
3001 TT TATTSCAC CXTATAATCC TTACAAATAA AGCAATACCA TCACAAATTT CACAAATAAA 

3061 ccATrrmT cactccattc tagttctcct ttgtccaaac tcatcaatst atcttatcat 

3121 CTCTGCATCC CATC CATC CC CGGCTACCGA CCTCCAATTC CTAATCATC3 TCATACCTCT 

3181 TTCCTCTCTC AAATT C 7TAT CCCCTCACAA TTCCACACAA CATACCASCC CCAACCATAA 

3241 ACTCTAAACC CTCCCCTCCC TAATCACTCA CCTAACTCAC ATTAATTCCC TTCCCCTCAC 

3301 TCCCCCCTTT CCACTCCCCA AACCT5TCCT CCCACCTCCA TTAATCAATC CCCCAACCCC 

33 61 CCGCCAGACC CCCTTTCCCT ATTCCCCCCT CXTCCCCTTC CTCCCTCACT CACTCCCICC 

3421 CCTCCCTCCT TCCCCTCCCC CCACCCCTAT CACCTCACTC AAACCCCCTA ATACSC7TAT 

3481 CCACACAATC A CCC C ATAAC C CA CS A AACA ACATCTCACC AAAACCCCAC CAAAACCCCA 

3541 CCAACCCTAA AAACCCCCCC T1CCPCCCCT TTTTCCATAC C C T CCC CCCC CCTCACCACC 

3601 ATCA CAAA AA TCCACCCTCA ACTCACACCT GSCSAAACCC CACAGCACTA TAAAGATACC 

3661 Accccrrrcc ccctcgaacc tccctcstcc ociuivLiu r tccgaccctc ccccttaccc 

3721 CATACCT C TC CKCTTTCTC CCTTCCCCAA CCCTGCCGCT TTCTCATAGC TCAC5CXCTA 

3781 CCTATCTCAG TTCCCTCTAC CTCCTTCCCT CCAAGCTCGC CTOTCTCCAC GAACCCCCCC 

3841 rrCACCCCCA CCCCTCCCCC TTATCCCCTA ACTATCCTC7 TCACTCCAAC CCCCTAACAC 

3901 ACCACTTATC GCCACTCGCA CCACCCACTC CTAACAGCAT TACCAGAGCC AGGTATCTAC 

3961 CCCCTCCTAC ACACTTCTTC AA GTGCTS SC CTAACTACGC CTACACTAGA ACCACACTAT 

4021 TTCCTATCTS CCCTCTCCTC AACCCACTTA CCTTCCCAAA AACACTTSCT ACCTCTTCAT 

4081 CCCCCAAACA AACCACCCCT CCTACCCCTC S* 1 ITS 1 TGT TTSCAACCAC CACATTACSC 

4141 CCAGAAAAAA AGCATCTCAA CAACATCCTT TCATCTTTTC TACGCCCTCT CACCCTCAST 

4201 CCAACCAAAA CTCACCTTAA GCCATTITCS TCATGACATT ATCAAAAACC ATCTTCACCT 

4261 ACATCCTTTT AAATTAAAAA TCAACTTT7A AATCAATCTA AACTATATAT CACTAAAC7T 

4321 CCTCICACAC TTACCAATCC TTAATCACTC ACCCACCTAT CTCACCCATC TCTCTATTTC 

43 81 CTTCATCCAT ACTTOCCTCA CTCCCCOTCC TCTACATAAC TACGATACCC CACCCCTTAC 

44 41 CAPCTCCCCC CACTC C TCCA ATCATACCSC GAGACCCACG CTCACCC3C7 CCAGATTTAT 
4501 CAGCAATAAA CCACCCACCC GCAAGGCCCC ACCCCACAAC TGCTCCTGGA ACTTTATCCG 
4561 CCTCCATCCA CTCTATTAAT TCTT3CCCCC AACCTACAGT AACTAGTTCC CCAGTTAATA 
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■ ,- tl l rt i"t i vi-vrr ATICCTACAG CCATCCTC3T CTCACCCTCC TCCTHC-aA 

till TGGCTTCATT CAGCTCCGGT TCCCAACCAT CAACGCCA5T TACATCATCC CCCATGTTCT 

2a5£a£ SSSSS TTCCCTCCIC CCATCG™ ^5^? 

4H01 TGTTATCACT CATGOTTATC GCAGCACieC ATAATTCTCT TACTCTCATC CCATCCGTAA 

iUl SSSS SSeCT GAGTACTCAA CCAACTCATT CTCACAATAC TWATCCGGC 

IS" SScSSrc Scttgcccc ccctcaatac gggataatac coccccacat accacaxctt 

2£ TAAAAGTGCT 'CATCATTGGA AAACGTTCXT CGCGCCGAAA ACTCTCAAGS e£VTTr"**"TTO 

5041 T C TX U AGATC CACTTCCATS TAACCCACTC G7GCACCCAA CTGATCXTCA GwATCTZTTA 

5101 CTTTCACCAG CCTOCTC5C TGACCAAAAA CAGGAAGGCA AAATC CCCCA AAAAAGSCAA 

5161 TAAGGGCGAC ACCCAAATCT TCAATACTCA TACTCTICCT TTTTCAATA T ™"«£fCA 

5221 TTTATCAGGC TTATTCTCTC ATCACCGCAT ACATATTIUA ATCTXTTTAC AAAAATAAAC 

llll AAATAGGGCT TCC6COCACA TTTCCCCCAA AACTCCCACC TGACCTCTAA CAAACCATTA 

5341 TTATCATSAC ATTAACCTAT AAAAATAOCC CTATCACCAC CCCTATCCCC TCTCAAATAC 

5401 CCCACACATC CCTAAOCACA AAATACCCCA TCACCCCCCA TTCCCCATTC ACCCTCCCCA 

5461 ACXCTTGGGA AGGGCGATCG CTCCGGCCCT CTTCCCTATT ACCC CASCTS GCC AAA&~ C 

5521 CATCTSCTGC AAGGCCATTA AGTTGCGTAA CGCCAGGGTT TTCCCAGTCA CGACCTT57A 

5581 AAACCACCSC CAGTCCCAAC CTTGCATCCC TCCACGTCCA 
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